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PEERAGE. 


In the Preface to the Third Edition of iny 
‘ Doctrine of Descent and Darwinism/ which ap- 
peared in 1883, I quoted the opinion of a famous 
lawyer as to the worthlessness of science, not 
with the intention of refuting it, but gave it as 
an example of the incredible nalveU' with which 
eminent representatives of certain x)ronouneed 
religious tendencies confront the work and results 
of natural science. Not long afterwards I was 
asked by a well-known man whether my lectures 
on zoology, at the university, treated of Darwinism 
as well. What my answ^er was is known to all 
those who have taken any interest in the ^ thoc^ 
of descent/ To those who have an understate 
of the subject, and of the aims of a stcul- 
interpretation of the living world (whi| trifling 
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fact, the only one possible interpretation), I offer 
the present work as a sui)pleinent. It will lie 
found to contain proofs of the necessity, the truth, 
and the value of Darwinism as the foundation 
for the theory of descent, within a limited held, 
and is brought down to the most recent times. 
Within these limits the work is complete in itstif ; 
for although the student of natural history may 
have become acquainted with interesting fragments 
of the actual science, still the subject has not 
before been presented in so comprehensive^ a 
manner, or in so convenient a form. 

Together with my special studies of the Pioology 
of the lower animals, I have for nnuiy yeijirs j)aHt 
felt myself peculiarly attracted by tlio advance of 
our knowledge of the Mammalia in their gemniil 
relation to palaeontology and anthropolc^gy. 
h'om year to year I have followed this advance^ 
th increased interest, and always with a view 
"■■he principal questions connected with tlu* 
1 as a whole. Hence I venture* to offer this 
our younger and rising scietiitists as, I 
ggestive introduction to that portion 
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of tlie animal kingdom which stands closest to 
anthropology. 

My materials have been drawn from original 
works, when and wherever they were Avitliiii my 
reach ; hence I never give extracts from extracts. 
I take it for granted that my readers, if not aJrejidy 
in some measure acquainted with the forms and 
mode of life of the Mammalia, have at hand sonn! 
such work as Brehm's ‘ Thierlebe.n,’ or Martin’s 
‘ Illustrirte Naturgesehichto der Tliiere.’ Books 
such as these, whicli nowadays occnjiy a pro- 
minent place in popular liho-aturc, inuki^ us 
acquainted with facts; hut, with the exi-eptiou 
of C. Vogt’s and Bpccliit’.s works on th(> .Maiunialia, 
they go no farther. Now, as the theory ijf descent 
has shown, light and interpretation are slied upon 
the Present by the Past; ami thus the history of 
the development of animals, the history of the 
earth and geography, are madt; to eoutinu one 
another. In undertaking to give an introduction 
to illustrate this, I must observe tliat it will be 
possible only by overcoming a variety of difficul- 
ties, by entering upon various appaRjutlj^ trifling 
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details— for instance, the construction of the teeth ; 
and these must not be regarded in themselves as 
merely amusing or entertaining, for, when brought 
into connection, these details often open up the 
most surprising and most wonderful prospects. 
By these enquiries we do not indeed arrive at the 
final cause of things, or at what the philosophers 
call the Thing Itself, but from an insight into the 
connection of the facts we obtain a higher 
arrangement for those facts. They demand an 
ever deeper penetration, and transport us into that 
creative state of enthusiasm which, by being the 
imaginative faculty of thinking-man, raises us 
above those who remain standing amid their own 
surroundings either in a state of blank amazement 
or of dull enjoyment. 

I am only following the usual custom by men- 
tioning, in conclusion, the assistance I have re- 
ceived from my daughter Johanna, to whose 
experienced hand I ow^e a series of original draw- 
ings, from which my illusteations have beeni mn.de. 

Oscar Schmidt. 


Stil^sbueg : Se^te^nher, 1884. 
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THE MAMMALIA 


IN THEIE BELATION TO PEIMEVAL TIMES. 

I. 

QEmilAL INTRODUCTIOK 

THE POSITION OF THE MAMMALIA IN THE ANIMAL 
KINOHOM. 

It has always been considered a matter of course 
that the Mammalia stand at the head of the animal 
kingdom. This has been the opinion of the multi- 
tude who have not given any thought wliadever to 
the origin of living things ; also of those to whom 
the ‘ idea of the creation,’ or rather the empty word 
creation, was, and still is, the one ' comforter in 
need ; ’ and again also of the maj(nity (;f our stu- 
dents of modern biology, the advocatc^s of the tlieory 
of descent, and their few predecessors. This agree- 
ment in the opinion expressed about the IMammalia 
dates from the earliest times, and is founded upon 

B 
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the high estimation in which man holds himself, 
an opinion which w'e meet with as uniformly. Man 
finds himself bound by every fibre within the group 
of the Mammalia ; and as soon as he makes him- 
self the standard by which to measure the value 
and the position of living creatures — and this he has 
every reason to do within the circle of those he is 
acquainted with — he cannot, when making a com- 
parative survey, do otherwise than class them as 
they always have been classed. 

The very obvious fact of the close affinity of 
the Mammalia with man, and the consequent neces- 
sity for some systematic arrangement of them, leads 
to the further observation that cei-tain g!-o!!2)s or 
classes of animals resemble the Mammalia in the 
main characteristics of fonn and structure more tlian 
others. Nor has there ever been any dotibt us to 
this close 'relationship.’ Ever since the, days of 
Aristotle men have been agreed about the groiiji 
of the Yertebrates, and about the Huccu^ssion of 
Fishes, Amphibians, Reptiles, Birds ami Mammals. 
This order was naturally meant to exjuatss the gni- 
dation of perfection, and always with the Hui)posi- 
tion of the ideal to be attained in man, Ilenco tlui 
vertebrates, as a whole, formed the cliittf main divi- 
sion, the highest type of the animal kingdom. 
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The position of the Mammalia in their connec- 
tion with the other classes of yertebrates, and their 
special relationship with one class of them — taking 
the word relationship without its explanation by 
descent — rendered the olds^^stem extremely obscure, 
for the facts themselves sj)oke very imperfectly. 
The anatomical resemblance is nowhere so absolutely 
distinct that the descriptive method could point to 
the bird, or to any one of the vertebrates, as show- 
ing the closest and most numerous afinities with 
the Mammalia. That animals of the frog species 
and mammals should possess two condyles at the 
back of the head as the first vortobrje of the neck, 
and that birds, like lizards and their relatives, had 
only one, always seemed surprising to comparative 
anatomists. Yet what was to he done witli this 
and other similar facts ? Wo know that since the 
middle of the eighteenth century the idea of d(^sc(‘nt 
and development flickered up here and there. XJut 
the theory was unable to rise above tluj gemjral 
conception, and even in the present century its 
importance was not felt by an anatomist who, in 
my opinion, nc3verthelesB posscsscid the chnirest 
ideas of the connection betwe<}n the pix^Hont ami the 
past. I refer to the elder d’ Alton. Although his 
interest in the subject was aroused l^y Goethe, it 
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was Goethe again who is indebted to d’Alton for 
some of his most frequently quoted opinions. 
Goethe, in order, as it 'were, to keep ojff i\ie lorofanum 
vulgiLS, gives in a mystic form what d’Alton stated 
unequivocally. D’Alton’s famous work on skeletons 
also induced Goethe to discuss the subject of adapt- 
ability, and to maintain that adaptation was one 
of the most important factors in producing new 
forms. ^ The animal is formed by circumstances 
for circumstances.’ 

The power of an organism to accommodate 
itself to the place of its abode and food — which is 
an undisputed phenomenon — must be all the more 
striking the more complicated the structure of the 
group of animals, and can therefore generally be 
more easily verified in the case of the mammal, 
even by the unpractised eye. As the mammal, in 
the first place, endeavours to satisfy its need of 
food, the variation called forth by the adaptation 
directed towards this want is expressed at first by 
its instruments of locomotion and mastication. It 
may also be said that mammals give more proof of 
the power of adaptation in the systematic arrange- 
ment of their parts than most of the other classes 
of animals, but we must not forget that this 
arrangement of parts, in all classes of animals, is 
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almost exclusively the result of adaptation. The 
power of the animal to move in accordance wdth 
the peculiarity of the place of its abode, to secure 
its food, and to rear its offspring, is in most cases 
so perfect (if the imperfections are concealed) that 
the real purpose w-ould seem to be the harmony of 
the surroundings and means of subsistence of the 
organism. The scientific novice as w^ell as the 
dualistic philosopher finds ^ a i)urpose in nature ’ — 
a common 'purpose of connected systems of organs 
— even where the scientific inquirer sees a number 
of imperfections, that might more consistently 
with a ‘ purpose ’ have been avoided had the 
nainra natnrmis wished to take a more direct road. 
How precarious this idea of a ‘ purpose in nature ’ 
is, as regards our own bodiesj niiglit, wTi think, 
be felt with every cold in the head. It is only 
W'hen the adapta1)ility has become an actual con- 
dition that the result appears to be a preordained 
purpose. 

Those wdio rega..rd the Mammalia as organisms 
adapfiul for some special piirpost*, and exactly in 
their }>lacG wlum and as we find them, are satis- 
fied with a systemative manual on the subject. 
But, wti ask, is this kind of kuowdedge science ? 
Does tills knowledge give us any real understand- 
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ing of the subject? Can those who know the 
Mammalia of our clay, in all the various phe- 
nomena of their life and the differences in their 
structure, be said to be fully enlightened as to the 
causes and connection of all these facts ? As this 
lias generally been taken for granted, zoology has 
hitherto been stigmatised by the senseless appella- 
tion of ‘ a descriptive science ; ’ for, in fact, it was 
not considered to possess the character of a science 
that inc|uires into a causal connection. As if a 
science could exist without having an observing as 
well as a descriptive jiart ! 

The descriptive zoologist need not in any way 
trouble himself or be astonished at anything. 
When, however, he has to take into considtu’a/tioii 
the scientific results of recent times, ho will havtj 
to pause before a series of specially striking plie- 
nomena. This will happen, for instances wlH*n la; 
is about to make a preliminary comparison of the 
Mammalia with the rest of the V(*rtebra.tes, for he 
will want transition forms between the former a, ml 
the latter. Buffoifs opinion, that by cart^fully 
oliserving two organisms, however diffca'ent, an un- 
interrupted series of transition forms will always 
1)0 found, did not long hold g(K)(l in fac(‘ of (Sir 
more strict systematic arningimieut. Tie* link 
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between the Mammalia and the rest of the verte- 
brates has scarcely been looked for anywhere, 
except among the birds, owing to the obviously 
high degree of mental development attained by 
certain members of this class, owing to the stronger 
and more perfect circulation of their blood. But 
neither Buflbn or any other later comparative 
anatomist has undertaken to give any specific proof 
of this link, because, as was said above, other 
circumstances pointed to a relationship with the 
Amphibians. 

It will not be necessary to make other vain 
attempts to bridge over the gap between the 
Mammalia and the other vertebrates of the present 
clay. It will evcm be shown that this difficulty is 
not at all or but little removed by our present 
knowledge of primeval times. 

More striking still are the numerous isolated 
forms within the class of the Mammalia themselveB. 
The best known example of this kind of an isolated 
form of mammal is the horse and its relatives, the 
genus EqdvH, The descriptive zoologist places it by 
the side of the two-hoofed animals. Yet the differ- 
ence between the one-toed horse and the two-toed 
oxen and stags remains coinplcitely unexplained* 
Besides this, the mure perfect dentition of the horse 
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stands in shaq) contrast -with the reduced dentition 
of most of the ruminants, which lack the upper 
incisors ; the only point of connection would seem 
to be the camel, which agam has a much fuller 
dentition. Nevertheless, the horse remains a phe- 
nomenon so peculiar within itself, that descriptive 
zoology has always classed the genus Horse— -which 
is limited to a few species — in the order of the two- 
hoofed animals, which contains a number of different 
genera and several hundred species. 

It is much the same with the perfectly unten- 
able order of the many-hoofed or thick-skinned 
animals, for it is made to comprise entirely different 
memhei’s. What a peculiar form, for instance, wo 
have in the elephant among the thick-skinned 
animals, or, indeed, among the \\liole class of 
Mammalia: a strict vegetarian, and yet in every 
respect an oddity among tlie plant-eaters. Iho 
caps of horn, somewhat like nails, which cover 
the points of his toes, can scarcely bo called hoofs. 
The form of his skull, his teeth and his trunk, in 
like manner, separate him from all the other plant- 
eaters in whose society he has figured since the 
days of Linnasus. But oven among the rest of the 
Ho-callod many-hoofed animals there is no unity, 
c^'on according to the interpretation of a later, 
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post-Linnfean system ; for the various genera differ 
more from one another in structure, feet and teeth, 
than do the members of other orders. That the 
pig shows more affinity with the rhinoceros or with 
the hippopotamus than with the ox, is anything 
but self-evident as soon as it is clearly perceived 
that the connecting link cannot be in the number 
of hoofs. "We may mention as isolated genera also 
the camel, the giraffe, and the fmgered-animals ; 
and as isolated families all those animals which, on 
account of their defective dental arrangement, may 
be classed as animals poor in teeth (Edentata), 
such as sloths, girdled animals, ant-eaters, and 
settled ant-eaters,- for even as groups they sliow 
among one another a want of harmony similar to 
that of tlie lieterogenoouB divisions of the (Jass of 
iluj many-hoofed animals. If, furtluir, we draw 
athmlion to the contrast in which the. llarsu- 
])ialH stand to all the other orders of mmnmals, 
while tliey differ very wuhdy among themscives, 
we shall have pointed out a largti nunibitr of 
phenomena that are wholly unintcdligiljh; hy them- 
selves. 

In addition to tins we me(‘t with the. many 
g{‘Ographieal difficulties ; for instanct*, the gtfO- 
graphical distribution of animalB which, by itself, 
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is inexplicable.^ Certainly all the phenomena here 
referred to are intelligible when the supposition of 
migration does not stumble upon contradictions 
and surmountable obstacles, and when the capacity 
of the organism to acclimatise itself — using the 
word in its widest sense — is taken into account as 
a long since established fact ; but the question as 
to the origin of species in general is left as a point 
to be considered apart. Without doubt tliat which 
tends to the widest distribution of an animal form 
and to the intercourse between the most different 
species, is the sea. Since recent scientific investi- 
gations have made us as intimately acquainted 
with the ocean-currents as with the Hj'stems of 
rivers, with the range of cold currents and tongues 
of water in the southern seas and conversely, and 
has marked the dilffu’cnt d(q)tbs of the oe(‘an 
currents, and given ns charts of the bottom of 
the sea, with maps showing its tievations and 
depressions — it would seem that, with an acconnt 
of the animals in the sea, the possibilities and 
causes of their occurrence would likewise be ex- 
hausted. 

The state of the matter is v<‘ry difiei'ent as 
regards the distribution of animals on hind, in 

^ Wallace, The Oco(/mphiccd JJwir ibid wn of An i multi. 
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lakes and rivers. Of a large number of inland 
lakes we know that it is only within a period 
scarcely separable from the present that they have 
become detached from the sea. A large portion of 
the inhabitants of these lakes is accounted for by 
this very fact. In regard to the rivers we have 
here specially to consider fishes and mussels. Now 
it is well known that a number of fishes— for 
instance, the salmon, smelt, eel, and certain kinds 
of plaice — spend their life partly in fresh and partly 
in salt water, according to the season of the year, 
for the sake of propagation ; and further, that they 
can be transferred from the one to the other kind 
of water without injury. Hence we may assume, 
in the case of all purely fresh-wator fishes and 
mussels, that their progenitors could also at one 
time live in either kind of water : we have thus a 
perfectly satisfactory cxxdanation of the occurrence 
of the same genera, partly also of th(^ same speedes, 
in riveu'H situated very far apart. Examples of 
this kind in the group of mainmals are not fre- 
(|uont, but instructive. The sea-cow, diHcovored 
by Vogel in the Benue, is the only species of tlie 
order of the Birenia wducli, it would bchuu, has 
never attained a fuller development, and— to use 
an expression of liutimeyer’s-dius complettily taken 
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leave of the sea. On the other hand, the American 
laniantin is still undergoing the transitio]i, and 
feels as comfortable in the sea as it does in the 
lowest currents of large streams. The dugong of 
Eastern Africa has, however, remained perfectly 
faithful to its old, habitual element. An interest- 
ing example of the occurrence of a mammal in an 
inland lake is the dog-fish of the Caspian Sea. It 
was, in fact, simply left there. That this largo 
slieet of water was at one time connected witli the 
sea is a long since ostaldished fact. 

By this remark, and a return to tlie geological 
past (even though it be to a most retamt jiast), wo 
have again entoi-ed tlie only path which leads to 
the undcirstanding of all th<} gi^graphical configu- 
rations of the present, more particiihirly to tlie 
distribution of tlie organisms, and shove all to that 
of the land animals. Tlie difticnlty of meeting 
wii.li closely related species, orders, and larger 
groups, in r<!gioiis lying far ajiart ami si-parated 
]jy high chains of moimtains or impaHHahk! ocoans, 
has, since Bulfon’s days, homi qiiictly sedtkid with 
the word ‘ vicariate,’ which proves anything but a 
true understanding of the matter. When it is said 
that the Marsupia-lH ‘ vicariate’ in Australia for the 
other groups distributed <m the other continents, 
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this expression denotes nothing but the bare fact, 
nothing but the mere statement, that in America 
we do not meet with the camel but with the llama., 
which in a few main characteristics shows s<nne 
afSnity with it. The one ^vicariates’ for the 
other. Why ? we ask. What is the meaning of 
such ‘ vicariating ’ ? We get no answer. 

Now, in raising the study of zoology from the 
stage of a mere descriptive method to the heiglit 
of a true science, we demand an explanation of 
connections and agreements. Every end(‘avour 
to comprehend the animal world, from a seieiitilic 
point of view, makes modern geology the basis of 
its operations, and its testimony — wdiich is of hfly 
years’ standing — is that the present corHlition 
of the earth’s surface, the distribution of land niid 
water, has proceeded from the most gradual ami 
primeval processes, except in cas^^s of purely 
locally interrupted transformations. Sciiad ibc 
study must, secondly, accept the phenonH/iion of 
the power of adaiitability in oi'ganisrns, that \er*' 
satility of the organs wiili which plants and 
animals meet the variability of tlndr cxienm! 
circumstances, and adapt tliemselves to cimageH 
that are taking place, by habit and by tint gruduul 
changes of their own bodies which are coanuaded 
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with it. Whoever believes in the unity of the 
human race must be a decided advocate of this 
variability, even though it be but in the crude 
notion of regarding the negroes as sun-burnt 
white men, and the latter as bleached black men. 
Those, however, who feel convinced of the contrary 
maintain the variability to be the result of the un- 
doubted mixing of the races and sj)ecies. 

If we look the dog as having been created, 
then the assumption of an extraordinary capacity 
of adaptation is unavoidable, but it is equally so 
to those who see in the domestic dog a number 
of different species of tamed jackals. 

THE PHEKOMENA OF CONVKnOENCE. 

Even Goethe early recognised the fact that 
ternal influences — ^thc four elements ’—to whiel! 
the animal has to submit and to adapt itmdf for 
the necessity of self-preservation, change the form 
and mode of life to so great an extent that re- 
semblances have been produced between cr(^atur(*H 
wholly different at first. But Goctlie did not give*, 
unequivocal expression to this thought till d’ Alton 
had very clearly emphasised the transformation 
and development of organisms, as the result of 
‘elementary conditions.’ A number of Goethe’s 
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remarks, which are eoiitimially being quoted since 
Haeckel’s enthusiastic advocacy of Goethe as the 
precursor of Darwin, are mere transcriptions of 
passages from d’Altond The phenomenon that 
different animals, very divergent in their struc- 
ture, and hence not related to one another, can, 
when placed in the same circumstances, develop) 
certain similarities, did not escape his thoughtful 
mind. He writes : " The Eodents in form show 
affinity with various orders ; the rat resembles 
the beast of prey ; and the hare in its mode 
of life and food, even in form and characteristics, 
resembles the Kuminants.’ This sentence Goethe 

‘ Goethe’s poem, the Mctamo'i'])liosis of Animals^ wlierc wo 
fmd the lines — 

Hence, each form conditions the life and nets of the creature, 

And each fashion of life, with reflex forcible action. 

Works on the form ; 

Also hestimmt die Gestalt die Lehens’weise d(^s Thif*n;s, 

Und die Weise des Lebens, sic wirkt atif alle ( Jest alien 
Mileliti/jf zurUck — 

belongs to the year 1819. B’Alton, in his work on the SJeekUma 
of the liodenfs in 182B, says : ‘ Thus it can no longer appear 
doubtful that the tendency of development in the organism is as 
dependent upon outward circumstances, as the mode of life of 
animals is determined by their organisation.’ This thought, 
like others, is reproduced by Goethe when discussing this 
classical work in 1824. In this ‘ intellectual discourse ’ he may 
have found to his groat satisfaction what lie had Inmaolf long 
since perceived and pondered over. 



16 


THE MAMMALIA. 


transcribes in his own way with a seemingly unim- 
portant alteration, which, however, changes tlie 
matter itself essentially. He says : ‘ However much 
the form of the Eocleiit may vary to ami fro, 
apparently knowing no boundary, still in the end 
it is found confined within the general animal 
type, and must approximate either the one or the 
other grouj) of animals ; and thus it inclines Ijoth 
to the beasts of prey as well as to Pauninants, to 
apes as W’ell as to bats, and even to other inter- 
mediate groups.’ 

These similarities and parallelisms did not 
receive much attention until Darwin’s day. Darwin 
himself speaks of convergence only casually, and by 
way of pointing out the great improbability of its 
occurrence as the cause of agreements in oi-ganisins 
not related by blood. But fin: tlie last ten years 
or more, zoologists have so often been forced to 
account for the existence of similarities and agi'ee- 
ments — not as inherited peculiarities of race, but 
as transformations and assimilations, the result of 
outward circumstances upon the same or similar 
original forms — that this agency must be taken 
into consideration, and will be specially necessary 
in onr present inquiry, for it seems to have played 
no small part in the group of the Mammalia. A 
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few remarks upon the origin of the idea of con- 
vergence will, therefore, not be out of place. 

As soon as the idea has been grasped that 
mechanism governs an organism with the same 
regularity as it does an inorganic body, the ques- 
tion must naturnlly arise how far the living sub- 
stratum can be influenced by outward circum- 
stances, and how far the same results — independent 
of one another — may he attained under the samf3 
and similar conditions. The genius of Diderot 
comprehended the problem in its widest applic- 
ability. In a conversation with d’Alembert in 17 G 9 , 
he makes the latter start the supposition thnt 
after the destruction of all life by the extinction of 
the sun, a repetition of the development of th<^ 
plants and animals that formerly existed w^ould 
recommence with the rekindling of the heavenly 
body which diffuses force and life. For, he adds, 
nothing else is eoncoivahle but that the causes, 
once agaiti std in motion, should producer the same 
effects as tln^y had already done. According to the 
LimuBan and Cuvier’s intcu’pretation of spcfcies, 
this idea could scarcely expect to find acceptarKu\ 
and it is se]f-evid(uit that a.ny agreement was made 
to rest upon the same origin of the individuals of 
the species, and further upon the same fundamental 
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form, that is, upon the inexplicable sovereignty of 
the idea of type. Even though parallel groups — 
such as the repetition of different orders of the 
Mammalia within the group of Marsupials, the 
repetition of the hahUm of the Bodonts in the 
Insectivora — were observed and discussed, still the 
contented zoologist did no more than enter these 
observations into his book; and remarks such as 
those made by Goethe and d’Alton remained with- 
out result. What position Darwin took as rc?gards 
the idea of convergence, has already bemi stated. 
His school, too, endeavoured at first to account for 
the homologies exclusively by inlieritance, and, on 
the other hand, regaiiled the effects of axlaptatiou 
almost wholly as differentiation. Even that 
extremely interesting adaptation as a means 
of defence — rriimicry — and, inor(‘Ove*r, the ease 
where tlie species in danger iiiuls immunity and 
protection in feigning a resemblance with the 
species not cndang<n'od, did not lead to any 
generalisation of the iminiry. Htill, some striking 
phenomena of convm-getneo win*e ol)serve(l, anti 
others that had long since been known, hut not 
carefully eonsidered, were imjuired into more 
particularly. Among tlujse is Fritz Miiller’s 
admirable analysis of the arrangomemts by wdiich 
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the land crabs of the most different families con- 
verge in their mode of life and phj^siology of 
breathing. The transition from life in water to 
life on land has commenced in the one and the 
other si‘)ecies, here and thei*e, and they meet in the 
most different stages of capacity for life on land ; 
no form is so far changed that its relation to some 
definite family is not unquestionably evident. The 
transition from a life in water to one on land has 
transformed both feet and gills, but has not gone so 
far as to show agreement or apparent homology. 
In this case of convergence the mode of life has 
remained the same as that in which the Eodents 
resemble the Insectivora and the Cetacea the 
Birenia. They were judged differently witlmnt 
principle or consistency. The agreements in the 
Insectivora and the Rodents had always been 
considered as accidental and purely (?xleriial, 
whereas the Cetacea and Birenia were classed 
together in one order as close relatives. 

Wc must here mention an attempt made by 
Kblliker,^ an eminent German scientific man, to 

* Kiiniknr’H Alcyonarim in tho xthliandlionjan tier Sc7icken- 
bm/ischm natur/orncltendcn Gesclluckaft^ vii., vlii. Published 
KcpiiraUily under the title of Murxdiahgh und JPhiimckelimgs- 
(jcscidchtM (les Pe7i7uitulldcmtaimnv$i nebat allgcmdnm B&irach^ 
iwngen zur Dcacendenzlchre, I»’rankfurt a.M., 1872. 
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prove the theory of descent as improbable and un- 
necessary, by assuming in its place a general law 
of development by which the different species origi- 
nated side by side without blood-reIationslii2). His 
fundamental idea, as he himself says, is that with 
the first origin of organic matter and of organisms 
a iDlan of development was also given, a w’hole 
series of possibilities (by whom ? we ask), but that 
various outward influences acted deterniinatively 
upon individual develo 2 )ment and imoduced a dis- 
tinct chai’acter. That organic nature is the result 
of some grand plan of develoiment and of uni versa I 
laws, and that the explanation of the 2»rocesses of 
development is nothing more than that llu.y tulvij 
place according to internal causes, according to 
laws by which the organisms are luost distinctly 
forced to an ever higher form of developuiont. In 
like manner eggs and germ cells arc said to pass 
into new forms from internal causes : indopeii- 
dent, living, youthful forms are said to b(*gin a 
development different to the typical oik', whih; out- 
ward influences aflect the j)rocess hi various modi- 
fying ways, and transformations ensue whitdi, 
although contained in the general plan, did not jill 
necessarily need to be fulfilled. Every difh^rmit 
species is said to have originated in this way by it- 



PHENO:SIEKA OP CONVERGENCE. 


21 


Holf : further, that it would even seem probable that 
one and the same species appeared in different pedi- 
grees ; for, owing to the unavoidable assumption of 
universal laws of formation, it cannot be denied 
that the same primary forms might, under certain 
conditions, be able to lead to the same final form. 
Where individual species have been found in places 
widely separated, Kolliker even considers it more 
sippropriato to assume an independent origin for 
them* 

In thc‘. remarks just quoted there is clearly a 
(inestion about development, even of a plan of 
development, but there is no mention whatever as 
to how we are to conceive those laws and effects 
which liave produced the numerous branches of the 
animal kingdom; for what are these internal causes 
whicli so distinctly force things towards an ever 
higher form of development? Nothing is to be 
gained from this idea, which scarcely deserves 
ih<i name, of an hypothcHis. It is a complete re- 
liabilitation of dualism and teleology. Kolliker ’s 
Hoi^position does certainly touch upon our present 
vi(!WH of (‘.onvergence, but it goes no further ; for, 
hi first placis it takes for granted the existence 
of Honu^ plan wliicli cannot be accurately defined, 
a tiaalency - be* a purpose; and, secondly, it does 
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not consider the difficulties arising from tlie oimIIoss 
recurrence of the agreement of thousands of (dr- 
cumstances which are necessaiy for the product inn 
of a definite organism, but declares this highly 
improbable combination to be a law. Tlmf u sea- 
feather of the southern ocean should ‘ originaU* ’ 
spontaneously without ancestors, and he preeisi ly 
like an individual in the northern ocenig whitdi 
owes its existence to the same unknown protn-ss* s 
without ancestors, shows such a d(‘gre<5 of iinjir<»ba- 
bility that it amounts to an inipossihility. it is, in 
fact, as improbable as that Adam originated nut fd’ 
a clod of earth. The prophecy that the \vhnl<? 
edifice of the Darwinians would collapse, w!iil<! Ilie 
theory of a universal law of d(W(‘lopnn'nt nvhieh 
assumes a number of indopeiuliuit petligrees u,s its 
basis) would rise up triumidiantly instead, has uni 
yet been fulfilled. 

However, convergcneies and rcjaditiniis haw 
been observed in abundance sima; them !n my 
work on the Sponges, I have addmaal Hpivhil prnnfs 
of how a series of convergencies-^^tluj formaiinii of 
water-channels, form and disposition of micn'oscopic 
bits of skeleton and entire skekdons, nud-like olD 
shoots, tensions and other formations wlnVJi are 
defensive arrangements against tlu^ intrusion of 
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foreign bodies, in short, characteristics which would 
seem to justify the conclusion of relationship, are 
merely the result of mechanical contrivances, of 
tlie effects of out\vard circumstances upon hetero- 
geneous organisms. 

Tlmt outward circumstances have co-operated 
helpfully and determinatively in the development 
of symmetrical animal forms, cannot he doubted 
by any except those wdio cling to their belief in the 
type tlieory. It follow’s from this that, to a certain 
extimt, all organs appearing in pairs owe their 
origin to convergence. We should further have to 
wrigli tliose circumstances where, in nearly related 
organismB, the same organs vary on one side ; this, 
for instance, occurs frequently in the pincers of the 
Crustacea. It is only when starting from conver- 
g(‘Ucii^H of this kind— which nniy l)e called hommo- 
geiu‘ti(i, and, according to general supposition, are, 
as it W(‘r(‘, self-evident — that can pass on to 

those plujuomtam to which tluj idea of approxima- 
tion is specially a])plied in our day, the heteroge- 
ludic cas(!H of convergence. A shell-less tropical 
snail, Ondiidium, has eyes on the nnmerous wart- 
shaped ])rotul)eranceB on its hack. Bernpor^ makes 

* S(MuiF(‘r, IMmr Bi’lmrjam vom Tjipus der Wirbelthieratigen 
anf (leu Uilcluni vo)i^ Bchnccken. Wicybaden, 1B77. 



24 


THE MAMMALIA. 


it appear extremely probable that those eyes— of 
different species and individuals — originated inde- 
pendently of one another. By connecting this 
development with the general characteristics of the 
cells of the upper skin and of the protoplasm, he 
shows that this repeated formation of eyes must be 
regarded as arising from a simiffe foundation. This 
is one form of convergence, repetition in the indivi- 
dual. The other is contained in the fact tliat the 
eye of the onchidium shows an advance towards 
the eye of the vertebrate, inasmucli as its structure 
and the retina differ essentially from the eye of the 
other molluscs. 

A few years ago a great fuss was made aI)ont a 
case of convergence which scarcely d(‘served tins 
name, and when inquired into dwindled down to 
certain superficial resenihlanccjs, such as havt,^ been 
observed times without number since wti have laid 
descriptions of natural ohjects* 1 refer to the re- 
semblance of certain primeval rt,‘ptiIeH to mammals, 
the so-called Theriodonta, The case was thisd In 
the Trias foi'mation of the southern extr(‘mity of 
Africa there were found, in addition to the colossal 
plant-eating reptiles of the group Dinosauria, a 
series of other animals, hitherto unknown, which, 

^ Owen, Fossil BeiHilia of South A/rkcu Loiulori, 187^1. 
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■upon the very first examination of the teeth, proved 
to be flesh-eaters. Now the teeth of the modern 
flesh-eaters are characterised by being definitely 
separated, and by the ireculiar formation of the 
incisors, the canines, and the molars. The canines 
above and below and on either side of the jaw are 
powerful weapons, and admirable instruments for 
tearing off flesh and for the gnawing and the 
breaking up oi l)ones. They separate the incisors 
from the molars in a distinctive manner. 

In the case of the above-mentioned South 
African r(‘ptiles also, tlie teeth, whicli from their 
position we know to have been incisors, are sepa- 
rated from the molars by a large canine tooth. Tlie 
lower one rises in front of the upper one, yet when 
the mouth is closed it lies close to the inside, of tlu; 
tipper jaw. The, molars are certainly small and 
cono-shaptKl ; however, when drawing a coiupurison 
wc can rc’call similar instaaices of this in stalls. 
Owen, to wliom wo owe the dt'seription of llust*, in 
any cast‘, very remarkable animals, also draws 
attention to tlie formation of tint ujiper part of the 
arm, whicli, apart from tlui difference in the form- 
ation of th(‘, extremity of the u^jper joint, shows an 
approximation to the cat-type in tlie construction 
of the extr(*mity of the lower joint, for the ulna 
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and the second bone of the lower arm —the radius. 
Owen accordingly makes the names of the new 
genera remind us of the clog, wolf, tiger, &c., 
Cynodraco 7 i, Lyimaurus^ Tigrisuch ks. He then 
speaks of the importance of the discovery and says : 
' If the gap in the series of animals between the 
Mesozoic and Psychozoic airdireathers had not 1 )een 
filled up otherwise than by reptiles, the remnant of 
that class which has survived and reached our 
times would have testified to the total loss of such 
gains of organisation as had enriched the ancestors 
and predecessors of modern tortoises, lizards, and 
crocodiles. 

We know now that not one of those gains has 
been lost, hut has l)een liandod on, continued and 
advanced through a higher ty2)e of vortehrates, of 
which type trace tlie dawn bacdv to tlie period 
wlnm reptiles were at tlieir l)t‘st--grandest in liulli, 
most numerous in individuals, most vari(;d in s])e- 
cies, l)est endowed with kinds tind 2)owers of lo<'o- 
motion, and with the instruimuits for obtaining 
and dealing witli both animal and vegetable food. 

‘ Has the transference of structures, it may 
asked, from the rei>tilian to the mammalian ty2)e 
Ikkui a seeming one, delusive, duo to a.ccidental 
coincidence in animal species iiulependtaitly and 
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ihaurnatogenonsly created? Or was the transfer- 
ence real, consequent on nomogeny, or the incoming 
of species hy secondary la%y, the mode and w^ay of 
operation of which we have still to learn? Certain 
it is tliat the lost reptilian structures specified, are 
HOW inanift.'sted by quadrui>cds with a higher con- 
dition of cerehnil, circulatory, respiratory, and legii- 
nienta ry systiuns — a condition the ac<piisition of 
wliiid] is uninteHigil)le to the writer on either the 
Lamarkian or tlie Darwinian hypothesis.’ 

It is unintelligible to us also, for ^Ye do not 
in thu sliglitest degree imagine that those coinci- 
dtinees, w’hich are ncuther great nor astonishing, 
have to be understood by means of Darwin’s bypo- 
thesis. There is, in fact, no question whatever 
al)out transfi^rred ('onditioiis of orgjinisation, for the 
('oim*idence is (confined to mere ada|)tations, and, 
in part, v(M’y sup<‘riickl ones; ndH.]>tation.s which, 
in some cases, a.re MntelligibltC without any dill b 
culiy. With iht3 help of our pn^stmt prototypes 
and ilu! aJiovci fossil material, \V(s can imagine all 
kiiuls <d‘ sul)stitut(‘s for our wadves and the other 
bi'asts of pr(‘y. It is extremely prointble that many 
of tia‘ earliiv, and to us unknown mannnals, in- 
herited a uniform S(^t of teetli (peiiiaps somewhat 
hkij the dolphin’s) dirtud from their anct'stors of 
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the amphibian or reptile Bi^ecies. Now the fact 
that direct descendants of reptiles, with a uniform 
set of teeth, should acquire distinctive corner teeth 
(canines) in consequence of their tearing their vic- 
tims, as is the habit of beasts of prey, and that 
certain mammals have acquired these teeth also, 
owing to their having taken to flesh-eating, is a 
convergence that can be most satisfactorily ex- 
plained as the resxilt of the same a.ctivity upon 
similar or the same developments in the <‘ar]i(.a* 
forms of teeth. It is, as we have already said, 
a case of convergence of the most superiieial kind* 
Among living reptiles— in the llnUma, VrownHtlv 
sjnnij^eSf and also a species of uga.ma — wo nH‘<*t 
with advances towards the dentition of the (!ar- 
nivora. But even wlien the caiiim; is followed at 
first by small pointed teeth, a.:nd tluai hy broadi»r 
ones, there is nothing, either h(*r<.i or iii tin* <*ase of 
the fossil African reptiles, that can la* pointt‘d out 
as ' peculiar molars with broad crowns’ {\Vi(al{‘rs- 
heim). 

It is self-evident that giv<’n a like ])eginning 
and like circumstancoB, we \yill more readily naa-t 
with similar and the same phenomena than whvru 
there was inequality to start with. In other 
words hommogenetic eonvergencies (xamr most fre* 
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qiiently. Tlie Linneean concei^tion of things, to- 
gether with the idea of type, and finally the more 
recent idea of homology as agreement by reason 
of derivation, have, however, been the cause that 
approximations in general, especially within the 
given ' natural group,’ \vere more or less neglected, 
or, at least, that merely surmised homologies — 
such as the breatliing apparatus of the hing-snaiis 
— tnnn‘d out to he convergencies. Within the 
group of mammals we meet with a very evident 
series of conViU'gencitiS which have already l>eon 
spoken of above. Still, all circumstances con- 
sidered, convorgcmce can explain only the smallest 
portion of tlie plionomena. That the Marsupials 
should show agreements with certain orders of the 
higlior mammals is, at least, in part apimoxiina- 
tiou. Tliat they form an unity among one anotl:i(*r 
is anotlier tiling. Why arc cats and clogs classed 
togellua’ a,s liea^sts of prey ? Why are pigs, oxen, 
and tltH'i* classcid as hoofed-animals 9 In sliort, 
scstting a,si<hi thc^ aViovo instances, in the other cascjs 
of agreannent camvergence is improbal)]e a priori^ 
and tlui explaimtion of all the otlier, the main por- 
tion, ninst bc‘ lookcul for in the doctrines of dc^scuait. 
It conta.ins the grc‘a.ter amount of probability, a 
jirobability which often bordcirs upon certainty. 
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And hence every class of the Mammalia of the 
present day can be understood only from its con- 
nection with its geological ancestors. But are we, 
by admitting true agreement in organisms and their 
parts, and by only allowing what is inherited to l.)e 
real homologies, are we entering a domain wholly 
distinct from that of convergence? On the con- 
trary. Inheritance is only a case of repetition 
under the same conditions, a case of universal 
law. The whole Darwinian principle of selection 
and progress finds its application also in the 
generalisation of the doctrine of repetitions. 

THE DISTINCTIVE CirAUAOTKniSTICS OF TllM 
MAMMAUA. 

The earlier zoologists, with Liiinaais, classed 
together as one species all those individuals ‘ that 
agree in essential points and have ]>vm descendc^d 
unchanged from the same antHJstors.' The hiter 
zoologists replace this supposed straiglit line of 
descent, which involves the miraehi of creation 
and also the future invariability of organisnis, by 
including the agency of variability deptaident upon 
time and circumstances. As long as animal beings 
of a supposed or proved common descent agree in 
form and structure, we leave them together as one 
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Bpecies : the idea is one of most uncertain limit, 
and differs according to the views of each investi- 
gator. ' We know of many species of such stability 
that the earlier defmition would seem to lind its 
application in their case ; Imt there are others 
again whose variability, indeflniteness, and inde- 
finability have baffled ail attempts at a more 
accurate limitation. 

Bpecies of this kind, consisting of a mere suc- 
cession of forms, are now met with principally 
among the lower orders of animals ; for instance, 
the Sponges consist almost entirely of such a 
BuecesBion of forms whicli seem to merge one into 
the other. The Mammalia, on tlui other hand, 
have in the course of the later geological peiaods 
settled down more quietly. The days wlaai tlicy 
were undoubtedly inucli nioiN* varied in form tbaii 
now, and— like the lower ordcrH— deviilojjcd almost 
entirely into varieties, are passed, hi the grand 
sifting jjnicess of thousands of .ycairs, nnmei'ouB 
forms liave dropped off and vanished, and llu.* 
majorit^y of tlu^ mammals of tin; ]>resent diiy might 
lead one to assunu*. the stability of specieH. 

The Manimals of to-day mat sharply sepurati'd 
from the otlu3r vertebrates by a si-riits of piaai- 
llarities in struct are and devcdopment, Kveu the 



32 


THE MAjHMALIA. 


entirely changed mode of life of the Cetacea has 
not obscured, or only superficially obscured, these 
characteristics ; for eren the loss of the hind limbs 
is of subordinate importance compared with other 
significant peculiarities of the class, and moreover 
the loss of limbs is met with in other classes, and 
only shows to what extent the members of one 
group may diverge. 

We will mention one characteristic in the 
skeleton which distinguishes the whole group of 
existing mammals from all other vertt.'brates : their 
lower jaw is directly attached to the skull, ami 
not by means of the so-called ‘ (piadrate bone.' 
This bone is met with fnnn tlus fish to the bird, 
mostly as one of considerable sirsu Indications 
of it occur also among inammals. Tim sid/stfinee, 
however, does not harden into bone and becoim* 
the stalk of the lower jaw so ea.sily rcaiognlsed 
in the heads of birds, but is employed in forniiug 
one of the small bones of tlm ear, Furtlier, in all 
of the Mammalia the chest and abdomen are sepa- 
rated by the diaphragm or midrilY, a muscie wliieli 
is exceedingly important for tlm mechanism of 
breathing. All the Mammalia have, lacteal glamls, 
and in the case of most mammals the ffctus is 
attached to the mother by a placenta, so that the 
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nutrition and gro'v\’th of the embryo do not require 
to be restricted to the comparatively small amount 
of yolk in the egg, but, as a rule, are derived 
directly from the blood of the mother. 

We know of the ‘ quadrate bone ’ — which in the 
Mammalia havS to a certain extent become dis- 
placed and slipped into the skull — from the Fishes ; 
we see the beginnings of a diaphragm in the 
Aniphilhans ; wo iind various kinds of skin-glands 
(to which the lacteal glands belong) in all of the 
Vertebrates ; there is but one step from the distri- 
l)ution of tlie embryonal blood-vessels on the so- 
called allantois of reptiles and birds, up to the 
formation of the placenta: these characteristics of 
the Mammalia are all prepared or begun in the 
lower classes of animals. But the placenta came 
into existence only with the actual mammals, and is 
an acquisition towards a higher degree of progress. 
But although tliese characteristic's are oliviotisly 
inheritances — apart from tlie hist-narned arrange- 
ment, wliich was acquired only subsoquently— still 
we iire absolutc^ly without any transition forms. It 
can only ],)e said that the Mammalia, must luive de- 
veIop<al from one stock, wlierc the clniracteristics 
of the prtisent A.mphil>ians (for instance, tlie two 
occipital condyhis at the ba.ck of the liead) were 
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allied with those of the present reptiles (e,//. tlie 
allantois). The earliest traces of manimals from 
the Triassic rocks lead ns to suppose a long series 
of predecessors, and direct our thoughts to hirther 
unfathomed depths of the earth’s development. 

It is a different matter as regards those eluirae- 
teristics which the systematic zoologist makes use 
of, first of all in distinguishing the subdivisions of 
the group, the differences of the instriinients of 
locomotion, more especially of tlie outer limbs, 
hands and feet, and also of the dentition. Tlie 
function of propagation exercises universally a 
more subordinate influence upon the othward 
appearance and the general liahitm of tlu? animii!, 
than does nutrition. The manner in whieli its 
food is acquired gives the organism its peculiar 
stamp, apart from the outer covering that nets as 
a protection against its enemies and climatic 
changes, and varies accordingly; and this Htiuup 
is expressed chiefly in the formation of the limlns 
and the dentition of the mammal. Cuvier’s words, 
'Give me a tooth, and from it I will build up tie- 
whole animal,’ are to be taken seriously; ibey 
may be applied to almost every other indiviibm! 
part of the skeleton, and above all to tin* {‘xirdui- 
ties of the limbs. The last portion of a fingie^ will 
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often suffice to determine the order. A whole toe 
will give a complete idea of the mode of life and of 
the appearance of tlie primeval or still living 
animal* In order, therefore, to obtain an insiglit 
into the relationship and social position of a 
mammal form, %ve must first of all liecoine ac- 
quainted with the foot of the vortelirate in its 
simplest accessible form, and then examine Ihc^ 
different variations of the mammal foot under tluf 
supposition of direct transformation. This study 
was undertaken for the first time with perspicuity 
and success by Gegenbauer ; and thus later modift 
cations — which became specially neecjssary, owing 
to the primeval form of fin of tlic Australian 
Ceratodus — could perfectly wt?!! be expiaim'd 
connection with Gegenbauer ’s conclusions l>oih by 
himself and others. 

The simplest form of lunid and fool is met wdtli 
in the four-fingered and five-to(‘d Anij)liibianH and 
various reptiles, c.//. the tortois(ss. Among tin* fenm r 
the iTidiments of a sixth, so nu dimes even of aH(*V(*nih, 
toe are met with ; Init W'ith tln^ exc(*piion of these 
few indications, and the sixth finger of some 
amphibian-like primeval }inimaJ>s, tli(?re an* no 
fossils relating to tlie (‘arly lustory of hand and 
foot, or their transformation from the fisldB fin. 
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On the other hand, the five-toed liml> extends from 
the salamander to man. Together with this wo 



Fig. 1.— Eight hand of a river tortoiBO. 
Nat. size. 


have tlie inosl 
various kinds of 
disappeai’aneoH 
and coaIes(‘ings 
till we r(‘jieh the 
oiH‘-to(al foot of 
tlie liors(*, and 
find, in fuei;, 
that a diniinn- 
lion inthenmn- 
)>er of fingers 
and to(‘s taki'S 
place ; never do 
W(j niecit wltli 
a restoration 
aft('r the de- 
crease, and 
never with an 
addition to tin* 
number of toes. 

In order t<» 


illustrate the fundamental form, which we hIuiII 


follow in its most varied and interesting change's, 


let ns take the right hmul of a frenlhirater iurtoiar 
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{Chehjs fimhriata) in its connection with the loiccr 
arm (fig. 1). The two hollow bones of the fore- 
arm running parallel with each other are the 
radius (s) on the thumb-side, and the ulna 
(e). Then comes the root of the hand, consisting 
of nine separate little bones, to know' which in 
detail is part and j)areel of the A B C of the study 
of the Mammalia. The first, r (radude), lies close 
to the radius, a second, ii (idnare), stands in the 
same relation to the ulna. Betw'een the two is a 
connecting bit i (intermedmm), and in the curve 
formed by the three is the little central bone c 
(ccntrale). The five other parts of the root of the 
hand, 1, 2, 8, 4, 5 (carpalia), belong each to one of 
the fingers, or rather to the five parts belonging to 
the middle hand (metacarpus), i, n, iii, xv, v, before 
the actual fingers. The foot w-ith the shank show^s 
precisely the same construction in number and 
position of the parts.^ There would be no need 
to give these names in the example chosen, had not 
the inquiry and namuig proceeded from the anatomy 

Hand root 

^ Eadms, Spoke Tibiae Shinbone 

Ulna, Ell Perone, Fibula 

Carims, Boot of the hand , Tarsus, Boot of the foot 

Mefaca72^'ns, Middle of Metatarsus, Middle of the 
the hand Foot 

Digits, Fingers Toes* 
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of the human subject, where the contrast between 
hand and foot has advanced in a very strildiig 
manner. Our foot has remained an organ of sup- 
port, our hand has become the organ for grasping. 
The fibula, which corresponds to the ulna, is 
reduced, the tibia is the principal bone. The parts 
of the fore limb called the radiale and intermecliuni 
(r, i) have generally coalesced into the yjrini/- 
hone (astragalus), and the bone of the root of the 
foot attached to the fibula — the ulnare of the hand 
— becomes the heel-hone (calcaneus), and is distin- 
guished by a strongly-developed continuation at 
the back; the centrale exists as the ulnJ/’-hoHi: 
(naviculare) . The first three bones of the niiddlt.! 
foot are called the wedge-shaped bones (1, tJ, !5, 
cuneiformo), the fourth and fifth bones of tlir, 
middle foot have united and form the cuhe-hnm- 
(euboideum). 

In accordance with this scheme we shall lijul 
aat the different mammals show a similar contrast 
in hand and foot — less in the fingers and toes 
than in the roots of the hand and foot. It will he 
our endeavour to bring this subject prominently 
forward in the course of our discussion. 

It will also be shown that the dentition staiidK 
m as close a relation with the whole organisation 
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as regards form as well as tbe mode of life. The 
study of the teeth has acquired an entirely new 
interest since Gegenbauer has proved that the teeth 
of sliarks and rays are i)erfeetly identical with the 
scale and i)late formations of their outer skin ; and 
tlins in the case of these fishes we can at once 
Bee the transition of the outer body-skin into the 
mucouB membrane of the mouth-cavity, also the 
direct transition of the hard formation of the skin 
into movable teeth. Oscar Hertwig has given us 
a supplement to and a further application of these 
fundamental inquhies. Accordingly, teeth have 
originated from Bkin developments having ])een 
used for the purpose of seizing and crushing food. 
In the higlier vertebratcH we are no longer reminded 
of this first origin of the teeth. We there find 
the adaptation to the new activity completed, 
Lhu organ lias long since cojne to stand in a cdoser 
relation to the skeleton as a whole. In the case of 
t^very mammal the tooth, in its development, can be 
tra-ced to have proceeded from the membi'anous 
covcaing of tlie mouth. And while the capacimis 
mouth and gullet of fishes has Ixien able in almost 
(‘.very cast! to cover itself with teeth, the Amphibians 
mid Ikqitihis show a reduction in the numbcir of 
le(„th and of the bony supports, and finally in the 
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mammals we find only the actual jaw-bones fur- 
nished with teeth. 

By this a concentration of the tooth-material 
has been accomplished, and connected with it wc find 
that concentration of force by which the mammal 
more readily and surely overpowers its living prey, 
andj)repares it for use in the intestines, by mastica- 
tion. In the dentition of the mammal wc have not 
a retrogression but an advance in the orgiinisation, 
and a further diminution m two directions may 1)0 
expected. What has taken place with numerous 
fishes has also happened in the case of some 
of the Mammalia : under certain condilious of 
nutrition teeth have become useless and have dis- 
appeared ; and, secondly, the fuller number of 
teeth of the geologically older si)ecies has gi\-eu 
place to a dentition less nuiiKa-oiis hut more 
specialised in form and action, and therefore more 
advantageous. As an instance of the oue direction, 
we may take the jaw of a llumiuant, which shows 
a want of the upper incisors; of the other direction 
.the jaw of the Cat species. 

In order to understand the manifold forms of 
teeth, we must have some knowledge of the dcivelop- 
ment of the various substances tliat form the tootli, 
the origin of the hard bright cuamd (ehur), of the 
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tooth-hone (dentine), wliicli constitutes the principal 
portion of the tooth, and of the somewhat softer 
cement (cementum), which serves in various ways 
as material for covering and filling. A general 
account will suffice for our x^nTpose. The mem- 
branous covering of the mouth-cavity — like that 
of tlie outer skin — consists of two layers, the epi- 
thelium (the upper skin), formed of several layers 
of colls, and the meml>rane of the cutis (leather 
skin), consisting partly of cells and partly of fibres. 
The first sign of a tooth is a knotty protuberance 
of the cells of the epithelium rising into the cutis. 
Again, into this protuberance upwards there rises 
from th(} cutis a cone-Bhai>ed elevation, upon which 
there tlien appears the first formation in the shape 
of a caj); this is the enamel-cjerin or the enamel- 
meml)rane which xn’oduces the enamel. The other 
portion l)olonging to the cutis — he. the meml^ranous 
tissue of c(;11h which rises up into the exfithelium 
and is termed the (lentme~(fe;m--hoiiomo.^ calcinated 
into tootli-l)onc. But, in addition, the mem- 
branous tissue of cells directly connected with the 
(hmtiiie-gtuiu produces — in various measures and 
extent — the fcwer-celled and softer cement round 
about all the immediate Burroundings of the toothd 

* Btmiuci, OduntoloylsGha Fonchunfjdh I* Th. ; publiBhed alno 
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The first indications of teeth are met with at 
a very early stage of the embryo in the gums that 
are still in the process of forming, and the.se be- 
ginnings of teeth are then gradually enclosed by 
the gums. In man and most of the other Mam- 
malia during the first years of life we do not find 
the whole set of teeth of their later years, of their 
mature age, nor indeed any sucli tecdh as to 
serve them throughout life ; there is at first a 
temporary set of teeth, the so-called milk Urth* 
These teeth are very like those that replace them 
subsequently, the pannanrNt Imlh, but are smaller 
and weaker. It was an (*xtmnely interesting and 
important discovery when Iliitiineyer janwiMl in 
detail that the milk teetli of many of llu! Mammalia 
show a greater agreement with their historical - 
their geological ancestors— than do tin* permanent 
teeth. As a rule, for iiista, iuh*, in man tla^ first 
set of incisors, canine tecdh, and front clitH-k- 
teeth are replaced by a second std, and thus erao 
stitute the milk teeth. The teeth wlMi riqdace the 
milk cheek-teeth arc called jmmiahirH, and ilu'se 

uiidor the title of Vemuch mm KnlirU'h'litnffHtjvHvhU hU^ th s 
Gebisacfi (Leipzig, 1882 ). TIuh work laaj hv. ivcmiluHiidra an nn 
excellent one on tlie Hubject and full of saggC'Htivo thonghin, 
even though we may, at times, feel disposctl to dinpuie hmnv of 
tlicj views i)ut forward. 
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are accompanied by the other back cheek-teeth, the 
violnn. But apart from the fact that in seyeral 
groups of mammals — the whales and armadilloes — 
milk teeth do not occur at all (Owen’s Monophy- 
odouta), there are among those which do show a 
cliangc of teeth (Diphyodonta), so many deviations 
and exceptions to the rule that, as Baume has 
proved, the prevailing idea of change of teeth as 
a succession of twn distinctly different sets, can 
scarcely hold good. The origin of the so-called 
milk teeth can be traced back to the fact that with 
the shortening of the facial portion of the skull, 
the place for the incoming of the tooth-germ 
naturally became smaller as well, and the germs, 
in place of lying side by side, came to lie one above 
the other. Hence those placed i\ppermost had to 
be us(‘d first, before the lower ones had developed 
and (a}iild uproot and linally expel their prede- 
eessui’H by pressure. The weakening of an indi- 
vidual milk tooth or of the whole set of milk teeth 
will, accordingly, in general be a (|UOBtion of time, 
and (hipend upon the delay in the development of 
tluar successors. The milk teeth are at a disad- 
vantagt*, owing to the inevitably hostile position 
which tlit'ir succesBors must sooma’ or later assume 
towards them ; and tlu^y have to face a certain 
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defeat, even though, in most cases, this takes place 
with the utmost slowness. Instances of the loss of 
milk teeth are met with among the Marsupials tiiul 
seals. The whole phenomenon belongs to tlie 
chapter of ' abbreviated development.’ It was onr 
intention here merely to point out this view of tluj 
subject, in order to make use, in what follows, 
of the designations given to different parts of the 
jaw, according to iiosition and time, since Cuvier’s 
and Owen’s classical investigations.^ 

Let me here repeat that the specialisation of 
the dentition frequently runs parallel with a sp(‘ciali- 
sation of the limljs. Thus, in comparison with its 
geological ancestors, the dentition of the horse is 
very specialised, and this is (equally (oldent as 
regards its foot, tlie transfonnatloii of whicli, from 
a five-toed member — not specially suited eatber for 
running, grasping, or cliinl)ing— into a oiuelioofed 
member, so admirably adapted f<n^ luinning, lias 


^ Exa7n]plc,^ln man the milk tofith, the drnto.H (hn’idul, enii- 
sist of the cutting teeth (mciBorti), the canine or eyts teeth, aiel 
the two front cheek-teeth. In addition to thcHC ther<^ are th»‘ 
three back cheek-teeth that have no predecoHHorH. The tetith of t)to 
full-grown man are indicated tliUH:— ijjr \ i.r. on (‘ithor 

side above and below two incinorB, oini caninti, two prenudars 
and three molars. Although Cuvier of com-Kij knew the druLH 
de lait and the dents de reviplacement, Hlill Owen wuk tin! Jirnt 
rigorously to carry out the designation. 
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beea accomplished step by step. Thus we very 
often, and justly, hear of generalised and specialised 
animal forms, which show their characteristic and 
contrasting peculiarities chiefly in those organs, the 
extremities and the dentition. These differences 
were perceived even by the earlier observers, and 
were compared with the embryonal conditions, with 
the development from the general state of the early 
indications through all the details of the ripening 
offspring. The significance of this point must be 
borne in mind when we term the geological and 
earlier forms as general and embryonal forms, and 
the later ones as the specialised forms. 

THE EXTENSION OP PALAEONTOLOGICAL SCIENCE 
SINCE CUVIER. 

The fact that the theory of descent appears less 
prominent during the first half of oim century, and 
is so frequently and justly connected with Cuvier’s 
opposition to it, makes it necessary for us to allude 
to his position in regard to this great question. 
Cuvier’s almost autodidactic manner of working 
and viewing things comprised, as is well known, 
the whole animal kingdom, with the exception of 
some groups of microscopic and other low^er ani- 
mals. But he was a specialist, above all things, in 
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the osteology of the living and fossil Mammalia, 
and thus stands as the foimder of palasontology and 
its comparative method. It was no small advan- 
tage to Cuvier that in his immediate neighljourhond 
were to be found deposits of the Paris Eocene, lime 
and gypsum, containing the remains of the earliest 
forms of mammals. It is astonishing what he accom- 
plished in his ‘ Recherches sur les ossemants fomlex,’ 
where his princiirle of correlation is so brilliantly 
proved. The imperfectly observed geological facts 
and the imperfect discoveries led him, nevertheless, 
to the conviction that from time to time sudden con- 
vulsions, catastrophes, had transformed the earth’s 
crust, and destroyed the living creatures, either 
completely or with the exception of a small re- 
mainder ; he further thought that thos(! wliicli sur- 
vived were obliged often to seek a new home far 
from their original abodes. The (jnestion as to 
whence came the new inliahitarits of the succtHsliii}' 
peaceful period, after each of the great mnrderons 
catastrophes, Cuvier settles in a somewhat enrsfiry 
manner. ‘I do not maintain that a new creation 
w'as required to produce the present Hptxnes ; I say 
only that they did not live in the same rc^gions, and 
that they must have come from olsewhcre-’' ^J'his 

' The quotation is from Cuvier’s booh roturreil to above his 

JRcckerches su7' ks o&sements fomles (1821), 
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vagueness remains in spite of his admitting the 
fact that at one time life began on earth. For, 
according to Cuvier, the varieties that are depen- 
dent upon time, climate and domestication, remain 
within a given boundary, w^hile the species show 
certain characteristics which resist every kind of 
influence, and are as little affected by time as by 
climate and domestication. Hence he directly 
opposes Lamarck’s theory of descent, i.e. that the 
fossil forms are the ancestors of those of the present 
day. ' His main argument is the want of fossil 
intermediate forms, ‘ for,’ he adds, ' if the species 
had changed gradually, we should find traces of 
these gradual transformations; we should find some 
transition-forms between the Palaeotherium and the 
species of the present day, and these have mean- 
while not been met with.’ 

Cuvier therefore did not, as many have sup- 
posed, hold fast to the belief in a supernatural cre- 
ation from any preconceived opinion ; he was more 
disposed to leave the problem as to the origin of 
animal forms in uncertainty, as facts did not seem 
to admit, meanwhile, of any safe conclusion. It is 
therefore very intelligible that one of Cuvier’s last 
and still living pupils — the eminent palaeontologist 
and zoologist, Richard Owen — should straightway 
have accepted the theory of natural descent (under 
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a special Divine direction, it is true), after having 
satisfied himself personally as to the existence of 
intermediate forms between the Palseotherium and 
Horse. Cuvier, his teacher, had, however, not 
the desired knowledge of these forms. ^ 

Since Cuvier’s day, Le. within the last fifty 
years, and more especially within the last twenty 
and twenty-five years, our palasontological know- 
ledge as a whole, and particularly as regards the 
Mammalia, has been so immensely extended, that 

1 Owen, in his Anatomy of Vertebrates, General Conclmions, 
says : ‘ With this additional knowledge, the question whether 
actual races may not be modifications of those ancient races 
which are exemplified by fossil remains, presents itself under 
very different conditions from those under which it passed before 
the minds of Cuvier and the Academicians of 1880. If the 
alternative— species by miracle or by law — be api^lied to palaso- 
tberium, paloplotherium, hipparion, equus, I accept the latter 
without misgiving, and recognise such law as continuously opera- 
tive throughout tertiary time.’ By law (natural law or secondary 
cause), however, we understand nothing but a regular and re- 
curring phenomenon where the acting cause is not touched upon. 
This, according to Owen, is the Will of the Creator ; for lie adds : 
‘ I believe the horse to have been predestined and prepared for man.’ 
Hence natural law is in this case not opposed to miracle, but denotes 
merely the manifestation of an Almighty Will working towards 
a definite purpose. The same view is expressed also by Gauclry 
in his Considdrations sur les Mammifdres (Paris, 1877), whore 
he says : ‘ A mesure que j’ai eherohd comprendre I’histoire 
des Stres fossiles, il m’a paru de plus en xdus probable que 
I’Auteur du monde n’a pas cr66 isoldmcnt les espdees succes- 
sives des dges g^ologiques, mais qu’il les a tir(5es les unes des 
autres.’ 
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had Cuvier been able to make use of our present 
material his conclusions would have been entirely 
different. I have no doubt also, that our great 
German teacher and master, Johannes Muller, 
would likewise have set aside his mystic ideas of 
the origin of animals and of creation, in’ view of 
the rising sun of Darwinism. 

We have, of course, no intention here of giving 
an account of the gradual extension of palaeonto- 
logical science itself. Our object is rather to 
explain how pateontology and zoology inter-pene- 
trate and correlate with each other. And it is 
Bclf-evidcnt that in doing this the newer period 
stands prominently forward, since the revival of 
the theory of transformations. One of the condi- 
tions of this theory of development is the overthrow 
of Cuvier’s theory of catastroidies, and indeed it 
was lirudly overthrown for all time to come when 
Lyell, in published his famous ‘ Principles 

of Gt.’ology.’ Lyell there proved that the earth’s 
crust does not condense and change suddenly, and 
tliat tlHi geological periods of peaceful life have 
not ]mm separated from each otlier by general 
convulsions extending ovcir whole continents, but 
that the continuity of lands and seas has never 
been entirely interrupted, even though they have 
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often been disturbed by mighty upheavings and 
sinkings. 

The connection of the oceans must, in fact, 
never be altered to account for the migration and 
distribution of the animals. For instance, it is 
now an established tact — from deep-sea investiga- 
tions — that, since the chalk period at least the 
bottom of the sea has experienced only unimportant 
changes, changes that are almost imperceptible in 
their slowness and their effect upon the animal 
world ; its petrography has, in fact, undergone such 
small changes that it may be said that we are still 
in the chalk piiriod, and that the formation o( 
chalk is still proc(3ialing. And furtlior, wc may 
asBirmcj the process to have betm the same with all 
the other and earlier gtjologicad ptariods. Tliis 
theory may, moreover, Avith (*ertain limitations, 
be applnul to the main land. Larger accumula- 
tions of land of houkj consisteney arc prol^alffy iirst 
perceived in the Coal formation, and there ea,n )«* 
no question of continents, in our present sense of 
the word, till the Jura and Chalk periods. At all 
events, liowcver, temporary connections of largtt 
Jura islands— probably also the accumulations of 
land belonging to the Trias— must havu also (‘xishuL 
For, not merely have we to date the individual 
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origin of the Mammalia as far back as the Trias at 
least, and probably even further back, but we have 
to assume that the class was one of pretty consider- 
able extent. And, with the beginning of the 
Tertiary period we already stand on the threshold 
of the present. ’Whether or not there was ever a 
Sahara ocean,* or Europe ever half under water or 
encrusted with ice, or England torn away from 
the mainland by an inroad of the sea, or again 
wliether or not North Africa could exchange land 
animals with South Europe by means of two 
isthmuBOB — these and other incidents on a grand 
scale would in no way affect the truth of an 
unintemipted development. There remain, it is 
true, a series of animo-geographical proldems un- 
solved, proldenis which are geological as well; for 
instance, th<i case of Madagascar, the distribution 
of wingless birds, the Edentata, the isolated cases 
of llio AustraJian launa, &c. These difficulties 
must sirn])ly Ixi acc(ipted as such. They do not 
hijuler our rcfcognising the natural connection of 
lh<‘ living world which is forctul upon us by other 
facts, and they do not oppose our present concep- 
tion of tlui universe, which is already a very old 

* nuiy Ktiid to bo refuted by the 

latent iaventiaatioiiH. 
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one, although in its modem form it has the new 
name of monism. 

However, our intention w^as to speak of some of 
the work that had been accomjdished in our day in 
the domain of pateontology, which is intimately 
connected with that of zoology. In the first place, 
then, we must mention Eiitimeyer’s works, and 
can, in fact, mention only some of lus most eminent 
and comprehensive publications. When Darwin's 
grand work on the origin of species, th(' derivation 
of domestic animals, and the infinence (jf douies- 
tication on tlio transformation of lljo original 
spccii^s first appeal'd, and was being universally 
talked about, as much interest was siinultain'ou.siy 
aroused hy the discoveries of tlu! Swiss lalnedwell- 
ings. Tiny gave the greatest impetus to the study 
of modern anthropology, an<l also called fortli 
Riitimeyor’s work on the fauna of the lake-dwell- 
ings,' a masterly jK'rforniimce, and one precisely 
such as was retjuired hy the new tlu'ory with its 
very imperfect evidence. The maimer in which he 
explains the prehistoric discovtu-ies hy the ractisof thc! 
present day in connection with the diluviid fornis, 
pointing out certain primary fonus as the ancestors 

' Iliitimciyur, Die Faum dcr I’fahlbauicn in tier 
Basel, 18 (il. 
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of our domestic animals, more especially of the 
oxen, the accurateness of his account of the actual 
facts, the subtlety and carefulness of his combina- 
tions — everything, in fact, makes Eiitimeyer’s 
work appear as if it had been ordered for a given 
purpose. Boon after this, in 1863, he published 
a work on fossil horsesJ This work, which was 
undertaken by way of explaining the relation of 
the genus Horse to its primeval ancestors, is, in 
reality, a treatise on comparative odontography, or 
the study of the teeth of the whole class of hoofed- 
animals. The precision with which he points out 
the significance of the characters of the teeth, the 
relation of the milk teeth to the permanent teeth, 
the transitions in the geological successions of the 
genera and species, and traces them back to uni- 
versal principles and laws, can be compared only 
to the sagacity of a Cuvier. I must confess 
that I have never felt my interest so thoroughly 
aroused in a Bul)ject, wholly distinct from my 
own special study, as it has been by these two 
works of the Basle zoologist. 

Unfortunately, our greatest authority on do- 
mesticatcxl animals, Herman von Nathusius, who 
died a few years since, and was always vehemently 
* JJeUcifjc later Kcmitnm dcr fossilen Pfcrclc, 
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opposed to tlie doctrine of descent, lias left us a 
fuller report only of the Pig family as regards wlint 
he had to say in opposition to Piiitimeyer. He 
never published a full account of his valuable com- 
parative investigations respecting the domestic ox. 
But Eiitimeyer has published a later and udmiralde 
paper on this very subject, his o1)jcct being to show 
the connection between the living oxen and all 
those l)eIonging to the Diluvial and Tertiary periods^ 
We shall presently have to quote from liiitlmt‘yer, 
and may here supplement our ix^markson his works 
by mentioning his treatise on thci genus Deer, whicli 
is carried out in the- same spirit. All of these con- 
tributions are masterpieces as regards uu*tliod, for 
although starting from a limittHl horizon, they 
extend over the whole (‘arth, a(u*ording to Hpac(? 
and time, and the claims of a pnietie.al speculation 
are set forward in opposition to a systcun of phi- 
losophy, according to whicli our investigations in 
natural science would not have, advanced heyoml 
the scheme of Plato’s Ideas and AristotU‘’B Knte- 
lechitB. 

Riitimeyer’s investigationB are not confined 

^ Uiltimoyer, ‘ VerHUch eincjr naturlichfin tl('H 

Hiri(l(\s ’ in the Eejmis of tlie Swiss PnUmntoloijlval Suviriji, 
xxil 1H77. 

Did natlirUchu Oeschichte der Itirsckc he. IHSO. 
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merely to the objects found in the lake-dwellings, 
the pea-ore and molasse strata of his native country, 
for in his monographs, referred to above, he gene- 
rally makes use of all the available material in the 
European collections.^ We would mention together 
with Riitiineyer two French naturalists, Albert 
Gaudry and Filhol, both of whom have, as it were, 
))een forced by their important discoveries to come 
forward with imposing proofs for the theory of 
descent. It is more than twenty years since the 
puljiication of Gaudry’s work on the fossils of 
Pikermi.^ Pikermi is the name of a hamlet on the 
road between Athens and Marathon, near which, 
in the deposits of a mountain stream which at one 
time rushed along there, are found an incredible 
accumulation of vertebrates, more especially of 
mammals l)elonging to the upper Tertiary period. 
In summing up the results of his investigations 
Gaudry giv(.?s his readers a picture of a tertiary 
landscape and its forms of life, -which we cannot 
resist quoting word for word, as an example of how 
our iimigination should, in all eases, weave single 


* Wo. must al!=io mention hero his extremely instructive paper 
on Die Iferkunft wiaerer Thierwelt (1807), although for us nowa- 
days it certainly presents considerable gaps. 

AnunaiLV fvssilcs ct gi'ulogU (U VAttigue (1802). 
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dry obserYations into a picture full of colour and 
life. 

' The province of Attica has undergone great 
changes since the far off times when these animals 
existed, the remains of which are accumulated 
round about Pikermi. At the present day it is 
a strip of hilly country twenty miles (lieucs) long 
and ten broad. That this locality should have 
been considered the al)ode of the gods, and should 
have witnessed the glory of the most eminent 
minds of antiquity, is quite iiitolligihle. But the 
numerous and gigantic four-footed creatures of 
prime^^al times required a widcjr area, and they ar<*, 
moreover, too like the present species from tluj 
interior of Africa for it to be possil)le, that Ihc-y 
could have lived in Greece- under the sanu^ con- 
ditions as exist at present. Without doubt at one 
time Europe was connected with Asia hy un- 
interrupted plains that are now eovercnl hy sea. 
We must also imagine these plains to have htHUi 
provided with a more luxurious vegetation. The 
marble hills of Pentelicus, liymettus, and Lau- 
rium produce now only small plants upon which 
the bees find their food. At one time valhys with 
a rich vegetation must have run along by thc^ 
side of those barren hills, and grassy meucbnvs 
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alternated with splendid forests. For an abundance 
of animal life demands a corresponding fulness of 
vegetation. 

* Those landscapes were enlivened by the most 
varied forms of mammals, by the two-horned 
rhinoceros and the gigantic boar ; also by monkeys 
leaping from rock to rock; carnivora — from the 
families of the civet-cats, martens and cats — all on 
the hunt for prey ; the caves of the Pentelicon hills 
were inhabited by hyasnas. In the same way as 
quaggas and zebras now inhabit Africa in enormous 
members, immense herds of Hiiiparion must have 
there careered across the plains. Not less fleet in 
their movements, and of an even lighter build, were 
the antelopes, also in great numbers. Every troup 
of a distinct species would be distinguished hy the 
form of their horns : those of the Palseoreas had a 
Bpirul twist like those of the eland of the Cape ; the 
horns of the Antidorcas were curved in the form of 
11 lyre ; in the Palseoryx they were long and bent. 
The horns of the antelopes resembled those of the 
gazelh^s, those of the Tragoceras were j)laced like 
those of goats. Palseotragus was distinguished hy 
a slighter build and a narrower skull, with horns 
nituated immediately above the eyes. But Hella- 
dotherium and another species somewhat akin to 
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the giraffe towered above all of the Euminants. 
And Ancylothcrium also — one of the Edentata — 
was a creature of considerable size with bent toes. 
The most gigantic of all the animals, however, was 
the Dinotherium. What a inagniheent sight it 
must have been to sec it marching about, accom- 
panied by two species of mastodon ! In those 
plains was heard the roaring of the frightful 
Macliairodiis with its sabre-shaped canine teeth ; 
and many other species associated with those 
named above. Their cries wore intermingled with 
the songs of ))irds, and in the concert raised by 
all these creatures the voice of man alone was 
wanting. 

* Nowhere does the (^arth now present a similar 
scene, as we may be convinced by a glancti at our 
present fauna. In llu‘- virgin primeval forests of 
America, wliere plant life is im^t with in the full 
majesty of clevelopincTit, we might expect to find an 
cfiually full development of animal life. But the 
four-footed animals are less powerfully developed 
there than in tlie Old World, and are oven less so in 
Australia. In Europe and Central Asia tlu‘.y have 
decreased in numhers by having been hemmed in 
between tlie civilisation of the temperate zones and 
the ice of the north. The largest mammals of the 
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present day are found in India and more particularly 
in Africa. Delegorgue, in his account of his explora- 
tions in Africa, describes a lake which was inhabited 
by a hundred hippopotamuses, and within a space of 
H,000 (?) he found more than six hundred elephants. 
On one occasion he met with from three to four 
hundred hytena-dogs, and again with troups of from 
four to five hundred (piaggas. Livingstone relates 
that he frequently saw herds of more than four 
thousand antelopes passing. One of his descriptions 
of this wild part of th(.i earth runs somewhat thus : 

hundreds of zebras and liutTaloes were seen 
crossing the plains; miinbt‘rH of (dephants were 
seen feeding, and their trunks alone showed any 
signs of movement. I should have lik(*d to have 
photographed tlio picture, for sccaies like this will 
vanish when lirearms an^ brought into use, and 
w'ill then he forgotten. It is perf(‘clly marvidlous 
what iinnienso numbers of animals are to l)e seen 
crossing the country. I could fancy mysedf trans- 
ported ha(*.k to the days when the giant sloth 
roamed about the primcu'al forests.” ^ 

Gaudry goes on to say: ‘However splendid 
such pictures may he, old Greece could offer even 
grander scenes. In fact, while tlu‘ whole of Africa 
is the home of but one species of elephant, Pikermi 
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liad two different forms of Mastodon and the 
Dinotherium, the principal giants among the 
four-footed animals. Africa has only one kind of 
giraffe. Attica possessed a giraffe surpassing all 
the living antelopes in size, and the Eelladothe- 
rium, an animal with short legs, it is true, but 
larger than the giraffes in bulk. Among the living 
Euminants there are none that can be compared 
with the Helladotherium ; the camel is much 
inferior in size. Africa has but one species of 
rhinoceros, distinguished by its rudimentary 
incisors, whereas in I’ikermi are found a rhino- 
ceros of the African type, another of the Asiatic 
species, and in the Acerotherium, probably also a 
genus related to the rhinocm’os. The huge thick- 
skinned animal, the. Chalicothcsrium, which is said 
to have boon discovered in (Ireece, is unequalled 
}jy any in our day. The skull of the Eryman- 
thian boar exceeds that of the wild hour liy 
one third ; and among the latter are some larger 
than the wart-hog and the masked hoar of Houth 
Africa. The earth-hog (Orycteropus), the. largest 
of the Edentata in the Old World, is a miserabh! 
ciauturc compared with the Ancylotherium of 
Attica. Lastly, the lion is surpassed by one of the 
t^aniivora of Attica, the panther by another. 



PALAEONTOLOGY SINCE CUVIER. 


61 


" It is unjustifiable to dispute the existence in 
tlui Greece of that period, of aquatic animals — such 
as the river-horse, sea-cow, crocodile, which are of 
frequent occurrence in Africa — simply because their 
remains have not yet been discovered there. For 
the stratum of Pikermi is essentially the result of a 
mere landslip, inasmuch as the layer of mud which 
surrounded the )>ones was washed down from the 
heights, where there coxikl l)e no waters inhabited 
])y those gigantic animals. As little does the 
alvsence of anthropomorphous a,pes prove that they 
never existed among the fauna of Southern Europe ; 

gorilla, for instance, inhabits silent forests 
where scarcely any other four-footed animals are 
nud with. 

‘ In Attica, therefore, more species of large 
mainmals are met with than in any other part of 
tlu‘ pri*sent world. I have no means of determin- 
ing tin* number of tlie individuals of the dilierent 
species, ])ut there is no reason to suppose that 
this nuiubiu* was smaller than those of the present 
species. Notwithstanding the great number of 
animals obs(!rved in different parts of Africa, no- 
where (^ould a greater quantity of individuals be 
found, ou a space of the same sme, as where I made 
my (excavations. This space — ^only a small portion 
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of the entire stratum containing the hones — 

300 paces in length and sixty in breadth. The 
quantity of hones all mixed up together, which a 
fortunate excavation at tinies brought to light, 
presented a remarkable sight. When I remind 
my readers of the fact that I Inought ))acdv with 
me 1,900 pieces of Hipparion, more than 700 
pieces of Ehinoceros, 500 of Tragoceras, &c., it 
will readily be understood that I was obligcid to 
leave behind me on my last jouriK'y tin* r(‘mains of 
the commoner species of animals, to eolk‘ct which 
would only have delayed my examination of tlu? 
rjirer pieces.^ 

Gaudry was able in every direction to deter- 
mine the position of the different speci(‘B which 
had lived tog(*ther on the nniobait ground of 
Ihkormi, midway l)otw(H>n tlu^ Miocene and Tliocene 
deposits. One main result of liis comparisons was 
the proof that almost all ]>eIong(Hl to that sort of 
intermediate form of which Cuvier had so grt'atly 
felt the want. ^ If,^ says Gaudry, ‘ with all thi( 
eminent pabTeontologistH of to-day, wo add all tlu* 
other known fossils and living species to thosi* 
found at Pikermi, we feel convinced that the guips 
would disappear in the same proportion as new dis- 
coveries a.re made.’ Thus he found himself ohligiul 
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lo set up pedigrees — those systems of the probable 
geological connection — which are ridiculed only by 
persons who lack the preliminary knowledge for 
forming a judgment. 

Yet Gaudry, like other of his countrymen who 
maintain the incontestability of the theory of 
descent, is not a disciple of Darwinism— i.r. of 
finding a proof for the theory of descent in the 
hypothesis of natural selection in the struggle for 
existence. He, like E. Owen, remains within the 
realm of miracles, and supposes a personal Creator 
to have directed the countless forms of develop- 
ment towards definite and pre-ordained purposes. 
With this conception of things — which at a certain 
point sets sober inquiry aside — the assumption of 
accident has to be met, and accident, in the 
opinion of Darwin’s opponents, is raised to the 
rank of principle. We do not, of course, intend 
here to enter into any further polemics while 
speaking of the great achievements of a man who 
admits his belief in such things, but still we must 
again remark that even that which is called 
accident is not beyond the pale of legitimate occur- 
rence. We leave it to the reader to decide whether 
it appears more reasonable to assume that the 
absolute intelligence of a personal Creator should 
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break off, for no result, millions of commenced 
series, than that so-called accident should prevail 
within the absolute laws of Nature. 

Gaudry, in a very admirable work,' has given 
an account of the main substance and the results 
of all the palseontologico-zoological inrpiiries. 

Of even greater importance to the question 
of transition- and intermediate forms are the 
works of Filhol, a young compatriot of Gaudry’s. 
We refer to his papers on the ‘Phosphorites of 
Quercy,’ ^ which appeared in 1876 and 1877 ; also 
liis article on the ‘ Fossil Mammals of St. Gerar<l lo 
Piiy,’ and his comprehensive treatise on tlie ‘ P<)H.sil 
Mammals of Pionzon,’ which app(iiirod in ]88‘2. 

Phosphorite belongs to tlie lJi>per Eotumo for- 
mation of South-western France, de.posits of non- 
crystallised phosphated lime. It is found in cracks 
and hollows which have been filled up from abovt!. 
The deposit, Filhol says, was no doul)t the result 
of warm springs, which from time! to time caused 
extensive inundation.y, and drowned or suffocated 

‘ Gaudry, Les emhatmmcnts (hi Dwnde animal dam kn 
temps (jilologiqims. Mamrnipres tertiaires (187H). 

Pilhol, Becherches snr Us PhosphorlUH du Quercy, fy.udes 
stir Us fossiles qu'on armconirCs, et HpiUinlement Ub fnammifHrs, 
Amiahs des sokncesgCologiqucB, vii., viii. ; Manmiiprcs /(miles dc 
SL^Gdrard U Buy, Ibid, x.j Mammifires de lionzon^ xVu 
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all living things. Pachyderms, Ruminants, Pio- 
donts, Carnivora, all met with a rapid doatli to- 
gether ; fre(piently the animals were buried while 
their skeletons were still intact. The deposits at 
Qucrcy have furnished the most important facts 
that have yet been discovered for the study of 
the fossil Mammalia in Europe. They arc as im- 
portant as the more recent discoveries in America. 
The characteristics of the animals met with in 
France are perhaps loss remarkable and conclusive ; 
they are not striking at first sight, and it is only I>y 
a very careful study of them that we perceive their 
true value. The transitions are extremely dedicate ; 
we have there to do with shades of difterence, not 
with differences clearly expressecL Hence the 
period of Phosphorite witnessed great, ehajtges, and 
tile types now existing w’ore giving signs of app<‘nr- 
ing. Tli<:i infUienco of natural ci.rcuiusta;nci‘s, wlii<*li 
we are not aJde to define more narrowly, l)ut tlie 
traces of wdiicli have l)cen discovered, changed the 
species in va.rioiiB ways aiul gave ris(‘. to varii-titis 
wdaieh l)ecame fixed, and thus pa.Hsed ovtu* into a 
new species, d.dius far FillioL 

Of the incredible wealth of forms among the 
higher classes of animals in the Houth-western 
Europe of tliose days, wo have proofs in tlie fact 

F 
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that Filhol distinguishes, among the beasts of prey 
alone, some forty-two species. In this abundance 
of forms, in the occurrence of these most varied 
kinds of flesh- and plant-eaters — which canuffl he 
imagined without a struggle for existence — we can, 
as it w'ere, quietly watch the gradual, very gradual, 
process of transformation, the origin of species. The 
inestimable value of Filhol’s researches, like those 
of Gaudry, is that they could extend over thousands 
of objects. His investigations are peculiarly valu- 
able, owing to the fact that three of the most im- 
portant deposits of France and of Europe (Qiiercy, 
Eonzon, and Gerard le Puy — the rich outconu' of 
which he was able to work upon), belong to three 
closely connected geological horizons. Ami Filhol 
has compared— in a way that scarcely any other 
palaeontologist has done— the changes and advaniH'S 
of the animal world from one of these periods to 
the other, in their specialisations, and has })iac('d 
these in the foreground as the general result of his 
most careful and detailed accounts. 

Another investigator of great enterprise, AVol- 
demar Kowalewsky,* has unfortunately died at 

' W. Kowalewsky, S^lr VAnchiiheHum Aurdianmfit CutK 
(Acad, de St. Pdtersbourg, 187B) : Osteology of the Ilyoimtamidif 
(Philoso. Transact., 187B) ; Versuch einer 'euitilrlichen ClasHitica- 
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too early an age. His works also ]>elong to the 
seventh (l(H*ade and treat more especially of the 
Hofdi‘d animals ; they contain the most important 
supplements to lliitimeyer’s works, for he, at 
timers, takes up (ntirely new standpoints for deter- 
mining the connection ladween the present and 
tin* nnnote pt'riods. He has not done so much in 
hringing to light new forms, as in carefully com- 
paring lliosi* long sima^ known. Certain opinions 
aliout primary and fundamental forms, such as 
Paheotlierinm, Anoplotherium, Bicholmne, and 
otlua’H, which had become traditional since Cuvier’s 
day, he has finally corv(‘<dc‘d, and has in a masterly 
way clearly dc‘lined the essential differcmcoB l>e- 
odd-hoofed and pair"hoofe<l animals; he lias 
also endeavonn’d to explain the disappearances of 
forms, and tlie continuance and transformation of 
oilntrs liy \’ery <'a.reful examinations, more particu- 
larly of the Iniiul and fool. Accordingly lie has 
set up ])edign‘(‘s wdiicli do not intl(*eil diff(‘r in 
many points from tlie results givmi by Riitinn^yer, 
hut tluy are certainly proofs of the* extrmnely sng- 
g{‘stive ami ingenious manner in wiiich he con- 
tmnplatt*s the primeval world, in its continuity with 

timt, ikir /tmilfn Hufthivir* Mmnumphk dcr ChUiung Anlhra- 
mthcriiiin (Palu'eutegmahiea* IH70). 
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the earth as it is nowadays. Specially ingenious 
I consider his distinction between the adaptive 
and inadaptive reduction of the limbs, which we 
shall have to consider more in detail when discuss- 
ing this point. 

Having now pointed out the direction in which 
these investigators have worked, and their con- 
ception of things in general as distinguished from 
those of their numerous fellow-workers in the 
domain of the higher animals, and having further 
referred to the stimulus which their studies have 
given to the theory of descent, I may now confine 
myself to mentioning them only in so far as they 
concern the palseontology of the Old ‘World. 

Within the last fifteen years a series of sur- 
prising discoveries have been made concerning the 
palseontology of America ; these discoveries have 
almost subverted, at all events completely modified, 
the opinions that had hitherto prevailed as to the 
distribution and derivation of animals, in so far as 
they concern the exchange and succession between 
the Old and New World. We have a summary of 
the zoo-geographical inquiries into those primary 
periods in a work of Eiitimeyer’s,^ not very com- 
prehensive but rich in substance. He there says : 

^ Ueher die Herhmift wiserer Thierwelt, 186B. 
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‘ The whole surface of the earth of the Old World 
during the Tertiary, as far as is known, formed oru? 
single natural domain for the mammal fauna ; it 
was more extensive, but the same as that which had 
previously sustained the animal woidd of the Eocem* 
formation.’ From here the i>rinnn*al Warnmalia 
proceeded not only southward into Africa, hut had 
also, as it seems, found their way into the Xenv Worltl 
l)y an isthmus of land connecting Eiiropt^ with 
North America ; partly also — as is sliiuvn by the 
fossil elephants of Japan — from Northern Asia in 
the direction of the Aleutian Islands. Tln^ fauna of 
North America, the principal portkai of winch, 
all appearances, was not indigenous to tia* eonntry, 
then wandered southwards, following the course* of 
the principal mountain ranges, wla-rc tiny nni 
inoml}ers of a foreign fauna coming northAvards 
from the south, and which in tint timro 
periods even crossed tlio istliiuus. At all events, 
the Mammalian fauna of North Amerii*ii uppcunh 
as inferior and dopeiidont uiku\ Hint of the Kant, 
and immigration from the Nhnv U> Old World 
BeeniB a doubtful matter and even a f|ueHtion of 
secondary importance. As liiitinuyer goes on to 
say: ‘ The Miocene fauna of Ncdiraska is tlu^ offHprmg 
of the Eocene formation of the Old World. The 
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Pliocene fauna of Niobrai’a, which lie buried in the 
same ground as Nebraska, but in a later stratum 
of sandstone, prove this in an even greater mea- 
sure. Elephants, tapirs, and various si3ecies of 
horses differ scarcely at all from those of the Old 
World: the boars, to judge from their dentition, 
are descendants of the Palseochoerus, &c., of the 
European miocene deposits.’ 

Even when these remarks of Eiitimeyer were 
written, we possessed an eminent work on the 
Tertiary fauna of North America by Leidy.^ But 
since those days the discoveries made have been 
BO extraordinarily numerous, and the immense 
variety of animals that lived there has proved so 
much more varied than the European fauna, that 
American investigators, headed by Cope and 
Marsh, have come to the conclusion that America 
was not colonised with Mammalia from the Old 
World, l)ut that the former gave Europe some 
of its original superfluity ; even the theory ac- 
cepted by Eiitimeyer, that the Tertiary strata 
of America were in part somewhat more recceit 
than ours, is proved to have Ixien the reverse. 
Marsh writes in 1877 : ‘ Tliose natural divisions 
(of the American Tertiary) arc not tlic exact 

* The Ancient ^mtna of 1853, 
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equivalents of the Eocene, Miocene, and Pli- 
ocene of Europe, although usually so considered 
and knov'n by the same names ; but, in general, 
the fauna of each appears to be older than that of 
its corresponding representative in the other hemi- 
sphere— an important fact not hitherto recognised.’ 

The area of the life which extended throughout 
the Tertiary period, and showed, in part, a closer 
eoniu'ction than can be proved in the case of 
Europe, lies along both sides of the Eocky Moun- 
taiuB. To the west — more especially in the region 
of tlie Green Eiver — it extends up to the height 
of the Great Halt Lake. It is more extensive 
still to the east, where the so-called Bad Lands 
(Mauvaises terres) in the state of Dakota are the 
most productive centre. 

Lei<ly’s work on the ancient fauna of Nebraska, 
Mhicli inai’ks an cq)och in the palaeontology of the 
lhut<‘d States, has Ixien completed hy his investi- 
gatioUH on the extinct vertchrates of the Western 
T(e’rih)ri('s»^ Since thou not a year lias passed 
without Cope, and Ivlarsh especially, bringing to 
light new branches of this rich tree of knowledge.^ 

^ ‘ ContrilmtionH to tlio Extinct Vortebrato Eauna of 

W<*Ht»’rn 'JVjn'ituriiiH,’ United Sinks Occujmiihival Society, 
Wushin^^tt»n, Ih73. 

\V(‘ tlo not yet poMHCSH any detailod account of Hub incom- 
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No less magnificent than these discoveries 
relating to the Tertiary mammals, are the disclo- 
sures concerning the Diluvial mammals that have 
been made since Cuvier’s day. But it is chiefly 
South America that attracts our attention as 
regards these. Most remarkable of all are the 
discoveries of fauna from the Upper Tertiary and 
Diluvial, which were found mainly in the caves 
of the Brazilian province of Minas Geracs, and 
also in the deposits of Argentinium and Bolivia. 
Dossil remains from the Eocene are very ra,re, and 
of these remains those of the Palinotherium and 
Anoplotherium from Europe, point to connections 
of which geology has as yet been unal)lo to giv(t 
any explanation. Testimonies from the Miocene 
are altogether wanting. On the other hand, the 
later deposits Bho\v an extremely peculiar character, 
owing to numerous, and in part colossal forms of 
Edentata. Wliether some of tlieir most wonderful 
representatives, such as the giant sloth, were 


parably valuable material. 'SYn havet to refer to the .short pai»ers 
contribut(3d to the American KatumliH, Stilhufi.n's tfonnial^ 
also to the Proceedincfa of the Amer. Jdtilns. Haciet}i, Marsh 
gives a survey in the paper on thi; Iiiirodnethn and Haauustsitrn 
of Vertebrate Life in Amerka, 1S77 ; also Cop(Vs article, ‘ Mam- 
malia Eunothoria,’ in tlui Iteport ‘Upon United States Oeutjra- 
pJiieal S'urvey of the One Hundredth Meridian, voh iv. 
Ibilieontology, 1877. 
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driven northwards when the isthmus was restored, 
or whether, according to Marsh, the north was 
the original home of this animal likewise, does 
not seem to be a settled point. This Megathe- 
rium was already known to Cuvier. But most of 
the Edentata ■were not discovered till later, and 
Lund’s discoveries ^ in the cave-deposits of Brazil 
may be said to mark an epoch; in more recent 
times, Burmcister,^ a veteran in zoological research, 
has in a masterly \vay described the gigantic 
Argentine armadilloes and other animals. 

A comparison of our present fanna, both of 
Europe and Asia — as well as of the two Americas 
— with that of the Diluvial period in these same 
regions, will show the present at a very great 
disadvantage ; Wallace might wail say tliat w(i 
live in a wmrld which is zoologically very im- 
poverished, and from which the hugest, wikhfst, 
and strangest forms have luwv disappeared. This 
disappearance of nuinerouB races of animals, in tln^ 
eastern and w^estern Iiemisphercs, almost makers 
the impression as if it had been the result of sonu* 
Bucli catastrophe as we have declared ourselves 


* Uimd, BmHlUms Dymmhnu CuiwnhaK(ni, 1841- 45. 

* BunnoiHter, AnnaUs del Mimeo pilblico dc Jiucuus AircHt 
1854, lu 9. 
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unable to admit. At all events, the period within 
which the European mammoths and their asso- 
ciates, the American mastodons, the giant sloths 
and giant armadilloes, rapidly died out, must have 
been very short in a geological sense of the word. 
But there was no general destruction or dying out, 
only a portion of the species became altogether 
extinct, e,g. the horses of America : one portion 
found means of differentiating, to adapt themselves 
to a new locality, or returned at a later period to 
their old home when the hindrances to their ex- 
istence no longer prevailed. Among those inhabit- 
ants of the earth able to cope with the existing 
difficulties was Man, who may, with positive 
certainty, be seen struggling through thcj whole 
Diluvial period. All these signs of life succumljed, 
or had partially to withdraw, l)ofore the great ice 
formations which took place during the sub- 
divisions of the Diluvial age. The cloak of icc” 
evidently of many thousand years’ duration — winch 
still persistently envelops Greenland, while Norway 
and Sweden, in the same latitudes, enjoy the most 
splendid green siunmers, givajs us a vivid picture 
as to how we have to conceive the enormous 
glacial formations in Europe and America during 
the Diluvial period. 
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An extremely interesting question in paleon- 
tology, and one which is at present engaging the 
attention of geologists, is, whether North Germany 
was tinder water or encrusted with ice during 
one division of the Diliiyial. Nehring^ has come 
forward in support of the latter hypothesis. He 
adduces weighty arguments against the drift theory, 
ix, against the generally accepted Hupposition that, 
during one subdivision of the Diluvial, North Ger- 
many was under water, and that the Scandinavian 
blocks of granite scattered over the land wen* 
deposited by icebergs from the north. His chief 
argument against this theory is the utter want of 
any remains of marine animals, the want of every 
trace of shore fauna. Some few discoveries in 
East and West Prussia, in Holstein and about 
Hamburg, which have been exainiiu‘d by 15er(‘mlt 
and Jentesch, 'prove only,’ says Neliring, ‘that 
certain limited portions of Nortli (lenuuny \vt*re, 
during the ice period, covered by tlu^ sea perma- 
nently, or p(irhaps only for a time.’ For, lu,! adds, 
it was not sea but glaciers which cov(*re(l the h>w- 
lying plains of Germany, a.s far m th(^ Hart/, aiul 
the other mountain ranges to the south. Wli(*re 

^ * FuimiHtiKdif* BmveiKe fur <lu* {'licnialiKc Verdic t- 

i^chcruiig von NorddcutKolihind,’ JumnoHi vH. IHHS, 
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the glaciers themselves lay there are al^solutely 
no remains of animals, but remains are found in 
those localities where the edges of the former 
glaciers must have been situated. And all of these 
remains belong to an Arctic Alpine fauna, such as 
now live round about the North Pole — the reindeer, 
musk ox, arctic hare, lemming, arctic fox, arctic 
hen, arctic owl. The occurrence of all these animals 
is carefully pointed out by Nehring, for instance, 
at Tiede in Brunswick, and at Westerogeln. Tlie 
nature of the bones, and the discovery of young 
specimens by the side of the older animals, shows 
that the conclusion must be that the animals lived 
there. It is still uncertain whether tlitTe was only 
one, or two, or even several ice periods. The 
Glacial period with its fauna was followc'd by one 
with an improved climate, which, howevtir, did not 
as yet permit the growth of forests. A in^w fauna 
appears corresponding with that of the Btep]K*H of 
South-western Siberia — jerboa., suslik, lagoniys, 
saiga-antelopes. Gaudry, too, has shown that ihv 
latter were also very widely distributi'd in Franctn 
If Northern Europe had only one Ghndai age, them 
the period of the steppe ftinna rnarks ibe rtdriMit of 
the glaciers in the very difTeriait coniigviration (d 
the land. If, however, there two Glacial 

periods— as seems very probable at least in the case 
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of Switzerland— then those periods during which 
the steppe fauna might have dispersed must have 
been the intermediate ei)ochs. However, we still 
re(|tTire much enlightenment on this point, and much 
also remains to be explained as regards the causes 
of all thesc3 ice formations. 

It is not known how far back Man extends into 
tlie Tertiary period. In the central and northern 
latitudes of the Old "World as well as of America 
he could, of course, not gather into communities, 
or rise above his origin, till the Glacial period (as 
may be assumed) gave way to incalculably long ages 
of asBured order in the later geological period. 
And Ivlan’s distribution over the earth is accom- 
panied by a diminution of the animals. 

THE STllATA OF THE TKllTIAEY FOBlMATIOn. 

Air-biu’athing animals are met with first in the 
('oa! formation. Thereupon we have in Buceession 
tlu‘, Dyas formation (in Germany, Kupferschiefer 
{iud llotliliifgendes), the Trias (hunter Bandstein, 
)>fusc]ieJkallv, Keuper), tlio Jura with its numerous 
divisions, and the Olialk. We possess a few fossil 
remains of Mammalia, even from the Trias and 
Jura. formatiouH. Nothing is preserved in tho 
Chalk. On the other hand, the subdivisions of the 
I’diiary iin) unusually rich in fossil remains of 
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mammals. By way of pointing out the position 
and succession of the formations, we will here add 
a tabular view of the more important strata ; first 
those of the Old World, where Central Europe is, 
of course,, the part that has been longest and best 
known, and then a comparison of tlic divisions of 
the Tertiary of North America. At the same time 
the names of the more important spc3cieB are given 
by the side of the different strata in wliicli they aiai 
found. All that lies above the Tertiary formations 
is considered as Diluvium, the lowest strata of 
which are frequently also called Quartary or (^uar- 
ternary. It need scarcely be tlmt thert^ is 

no sharp boundary between the uppermost Te*rtiary 
strata and the lower Diluvial, and that tli(} separa- 
tion of the upper Diluvial from the latter Alluviinn 
is equally indefinite. Owing to this difVnnilty 
in distinguishing the different formations, itiost 
palaeontologists prefer speaking imnady of a lowc;r or 
an upper stratum of the Tertiary, in place of sub- 
dividing it into Lower, Middle, and TJ])per TiO’tiary, 
Miocene or Pliocene. The following arrangennmt is 
partly taken from a tabular view gmm by Oaudry ; * 
in the case of America we have followed Marsh. 

* Gaudry, ConsuUratio7i$ sur ka MammifiUra qid out en 
JEurojje d la fin de Vi2)og[m mioc^ne* Faria, 1873. 
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A. TSBTIABY FOBMATIONS OF THE OLE 
WOBLD. 

Pliocene. 

19. Perrier. Crag of Nonvich, Val ePAryw. — Numerous deer. 

Antelopes rare. Elephants. Mastodon. 

18. Marl of Moyitpellier. Licjyiitc of Casino. —Both deer and 
antelopes, Hyaenarctos. 

VIENNA BASIN II. 

UrpEit Miocene. 

17. Pikermi. Baltavar. MojiULdberon. — Helladotherium. 

Ictitherium. Hytena. 

11). Shoal ik Hills. 

15. Eppchhehn. - Hipparion. Sus. Dorcatheriuni. 

Tapir. Dinotherium. Simocyon. 

MiDDin^ Miocene. 

14. Sayisayi. GcargsmilncU ayul Q Umber g. EibimvahL— A.nUi~ 
lopes. Mastodon. 

VIENNA BABIN I. 

13. Limestone of Moyitahnzard. Sand of Orleans. Lignite tf 
Monte -B an ibolL--V{i\moehQeYnB. Oainofheriuiii. Dre^nto- 
therium. Bieroeeras. Dinotherium. Mastodem. 

IjoWKK Miocene. 

12. St. Gerard Ic Buy (on tke Allier). Anehitherium. Dreino- 
therivnn. 

11. Sayidof Pontalnehleau. LignUa 0 / CVnhVoaa.-» lihinoccruH, 
10. Lwio rocks of lioyizon. — Gelocus, 

UnnEU Eocene, 

0 . Phosphorite of Quercy. 

8 . Lignite of Debruge. 

7, Paris (lypsnni. Haynpshirc. 

G, Samis of Bcmichaynjy. 
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5. Paris Coarse Lwwcafone.— Characteristic are entelodon, hyw- 
nodon, pterodon, diehobune, palajotherium, anoplotberium, 
xiphodon. In the upper strata are found also among 
others anthracotherium, cainotherium. 

Middle Eocene. 

4. Maiiremont, Pca-orc. Ecjcy'kincjen, 

Lower Eocene. 

8. London clanj. — Hyracotherium. Pliolophus. 

2. Lignite of Soissonnais. — Coryphodon. PaUeonictis. 

1. Sandstone of La Fdrc.— Arctocyon. 
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IL 

SPECIAL COMPARISON OF THE LIVING 
MAMMALIA AND THEIR ANCESTORS. 

In entering now upon un examination of the 
different groups of the living !RIamnialia acc/ording 
to their historical or pahB()iitologi(^al past— an ex- 
planation of that whidi lias ronie to hv oui, of that 
which ha^ — the method to he followi'd is self- 
evident : a systematic arrangiammtj proceeding 
from the lowest to the highest forms, comprising 
the result of anatomical as wtdl as of pahitonio- 
logical consideralions- The lower groujis (if Mam- 
mals are, of course, those whicdi have* refaineti llu! 
inherited qualities of their ancasstors most distimdly, 
and have changed least. This does not ueces.surily 
include the certainty that they inhahltcd the <‘arth 
at an earlier period than all ihoBc wlumi skeleton, 
brain, and fetal development show a pr<‘-exlstenct^ 
of the lower forms, but (^nd with a higlu^r rcHtilt. 
The lower Mammals may have remained as a r(*m- 
nant of a group whose nearest relatives- at first, 
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by scarcely noticeable deviations — raised them- 
selves above their cousins by making use of the 
advantageous changes and adaptations in their 
organisations. And yet the probability is that the 
lowest animal forms were, in general, also the 
oldest geologically. 

Although even Cuvier had prepared the down- 
fall of Buifon’s indefinite idea of arranging the 
animal kingdom into one series, still it was not till 
our own day that it l)ecame generally admitted that 
the conception of a figurative expression for the 
system could only take the form of an immense 
tree, with hundreds of branches and thousands of 
twigs. The animals we see living to-day are the 
tips of the twigs and shoots ; those that preceded 
tliem must l:)e looked for down towards the branches, 
and from tliese again down towards the trunk. The 
comparison of a tree, however, serves only a.s a 
moans of arrangement. On our grand tree of life, 
the branchings arc all unlike one another, and 
sliow reseml)lanceB only where tliey are in close 
proximity ; ibo fartlier they have l)ranched off from 
the tree the more different do they Ijecome. 

From anothc^r point also the figure of a tree 
will give us a distinct idea of the actual state of 
things. The farther we go back into the history 
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of the existing animal forms the nearer we come 
to their origin. In cases where to-day no connec- 
tions seem to exist excejit the characteristics of the 
class and order, in going back we find more definite 
and ever clearer resemblances, till finally the com- 
mon original forms are discovered. These have 
often been called ‘ mixed forms,’ which term, In.iw- 
ever, does not properly indicate the nature of the 
matter. For in most cases the question is mncdi less 
about a combination of marked eliaracteristics whitdi, 
in earlier times were, and at present are distributed 
over different branches, than about a still undifleren- 
tiated basis that has in various diia^ctioiis ])roved 
itself transformable. instance, the Hoofed 

Animals, which when first unit wiih are unfortu- 
nately already very marked in chara,eter, possess 
the full number of to(!S and a good supidy of fi'ctli. 
Of the teeth it might indeed be said that they show 
a ‘mixed character,’ inasnnud! us tlai front ones 
are more adapted for attack and defence, while the 
rest are specially adapted for nmnehing vegetable 
substances. But if the earliest forms of Hoofed 
Animals and the earliest forms of Ciirnivor!i. point 
to animals resembling the Insectivora in Htriudni'e 
and form, as their common ancestors, ami these 
again point to the Marsupials, we can assuredly 
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not call these mixed forms, but forms bearmg the 
ii'a];)ress of different circumstances. 

But \Yhen brought into this connection with 
the primeval world, the systematic arrangement of 
the Mammalia — made in accordance with their 
present state— must above all things appear alto- 
gether unsatisfactory. The Mammals, as the most 
highly developed animals, not only, of course, 
stand farthest from the beginnings of animal life, 
but they have also— at all events the Vertebrates 
- diverged more from one another than any 
other class. For even the Eoptiles, whose day is, 
in every respect, long since past, are behind them 
in this. However adaptable their limbs were to 
circumstances (their teeth were less so), their itrain 
}*einained stationary. It was only with tlie cluirat^ 
toristic advance in the organisation of tlio Ma,m- 
nialia that scope was given to a progressive bi'ain. 
The attempts which have repeatc'dly been made to 
make use of this point also for a systcanatic arranga?- 
irient of the Mammalia, liave eithcT be.en too on(‘- 
sided, or could not show any satisfactory result, 
owing to the large gaps in our palaK)ntologieal 
knowledge. It is rosorve^d for the futun* to make* 
the systematic classilication of the Mammalia a 
really ‘ natural ’ one, and one whicli shall attain the 
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goal towards which CuYier and Lamarck paved the 
way with their grand beginnings, although starting 
from such different points of view. Meanwhile 
we must content ourselves with following the old 
tracks. 

1. THE MONOTREMA, CLOACAL Oil FOEKEI) ANl.UALS. 

An example as to how the animal form should 
not be conceived is given by Giubcd, a man of vast 
knowledge but yet opposed to the theory of desc'cnt. 
He says of the two well-known species of this grouj), 
the Ant-eaters (Echidna)^ and tlic Duck-mob , jh ( OrnE 
thorhyncha) : ^ If there is anything marvtilloiis about 
any series of animal forms, the Cloaeal animalH ap- 
pear the strangest of all ; for the irregulaiuties and 
wuiidrous shapes in the variously formed organisa- 
tions of the Edentata are far surpassed by those 
met with in the Gloacal animals.’ Jh'olim also 
does not carry us much fartlier ; he says: ‘Tin; 
Ant-eater and the Duck-mole are still classed 
sometimes with the MarHiipials and Hom(^iim(^s 
with the Edentata. And, in fact, they combine 
not only the peculiarities of the one and of the 
other class, but also the most varied and oppositti 
characteristics of the whole first-namod class (the 
Mammals) ; indeed, they seem, to a certain extent, 
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to be tlie connecting links between the Manimals, 
Birds, and Eeptiles/ That he should regard 
them as connecting links is certainly somewhat to 
the point, only the Birds must be left out; of the 
question. A direct connection between Bird and 
Mammal there is not ; they are allied through 
their ancestors, and the latter stand widely sepa- 
rated, although within the extremely comprehensive 
order of Amphibio-rei)tiles. 

Their beak-shaped jaws do not possess any 
teeth; only in the case of the Duck- mole do we find 
a few horny plates. This want of teeth has per- 
haps been inherited from reptile-like ancestors, and 
must have been distinct from the ancestors of the 
toothed manimals; hence it would be a case of 
convergence. The possible case of the connuou 
origin of Duck-moles and of Toothed mammals from 
primary forms of toothless animals, and of tlui 
acquisition of teeth by Mammals independent of 
toothed ancestors, is in the highest degree im- 
probable ; or else the loss of the tooth may have 
occurred only at a later period, after a common 
origin on the line of duck-moles, as in the case of 
Birds and various Edentates, partially also in tlui 
upper jaw of the Hoofed Animals, and in all cases 
of the reduction in the number of teeth. We take 
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all these possibilities into consideration without 
gaining anything for the point in question. 

It is, however, a different matter with the 
following characteristics. The Cloacal animals are 
the only Mammals where the collar-bones have 
become united into one piece by means of the 
breast-bone, as in the ease of the well-known fork- 
bone in birds. In all other Mammals, including 
Man, we find, in j)lace of this free os comeoulciuu ^ 
a short hook, the crow-beak bone. This circum- 
stance, in and of itself, might lead to the supposition 
that the Duck-moles were more fully developed than 
the other Mammals. However, from the course (,)f 
the development as a whole, it is ol>viaus that 
this portion of the shoulder of the higher J^Iam- 
mals must be regarded as a case of reveivsion. 
Another peculiarity of the skeleton of the Mono- 
trema is a couple of bones which, turned towards 
the front, rise above the pul)ic h(>nt‘H at the 
abdomen side of the i)elviH. These bones exist also 
in the Marsupials. As, however, we are uncertain 
about their origin and significance evcai in the case 
of the Marsupials, nothing much can he made out 
of the agreement. Still, the occurrence of them 
bones in the two classes points to a close relatioji- 
ship. 
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All the more characterintic is another peculiarity 
of the ilonotrema : the uriziary an<l genital appa- 
ratus have no separate openings, hut one opening 
in eoiniinni with the intestinal canal, called the 
cloaca. This stage of development at wliich the 
Monotrerna, like the lower Vertebrates,^ remain all 
tlieir life, is an embryonal stage in the case of all 
the other IManimals, and not, as Giebel says, an 
irregularity or singularity, hut a perfectly normal 
inheritiuujo* In the other Mammals the peculiarity 
{.exists normally as a trazzsition form, bzzt aitex* 
the embryonal life it is a condition that lias been 
overcome. 

That tlio Monotrcma possess actual lacteal 
glands is a long-established fact. Tluu'e arti a 
zimnber of separate glands from whi(*h ihv milk 
issues, not, however, from a teat or nil>ple, but 
from flat, i)erfonited patches of skin. Tlu‘S(‘. wert^ 
formerly hold to bo niucus- or perspiration glands, 
but now recognised as an acdual proof for the 
irrdutablo supposition that the secretion of milk 
was acffuired only gradually. Tliose of our n^adia's 
who may consider this idea - of the common skin- 
glands of tlie reptile-like animals having in th(j 
coursti of time developed into the important 
» In most Finhos these urrangements are dilTerent. 
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mammary glancls~as very strange and but little 
pleasant one, we would remind of the case of the 
pigeons. Pigeons do not indeed possess glands 
on the outer skin, but have glands developed in 
their crops which provide the young with food ; 
whereas in the other birds we find at most oiily 
secretions for softening the food and preparing it 
for digestion. 

Owing to the fundamental importance of the 
mammary glands, we must enter somewhat more 
fully upon the sulyect here, while discussing the 
lowest known forms of Mammals. The simplest 
arrangement is that of the Duck-mole, such as was 
perhaps inherited from unknown ancestors, but 
which probably also represent a stage of reversion. 
It is different with the Echidnas, porcupinci ant- 
eaters. We here find the perforated glandular 
patch lying somewhat deeper and surrounded by a 
circular w^all of skin. In this so-callcd mammary 
pouch the immaturely-born oilspring finds a<hnis- 
sion and protection, and by sucking forms for itself 
l)robably a temporary pointed teat. The most 
important matter is that the formation of the teat 
or nipple begins in all the other Mammals and in 
Man with the indications of this kind of mammary 
pouch. The form and more delicate structure of 
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the outer milk aiiparatiis does not appear to have 
been directly transmitted only to the Marsupials ; 
thus the various formations of teats, ^Yluch can be 
traced, from those first beginnings, amid all sorts 
of modifications, through the whole series of the 
higlu.'r j\Iammals, also corroborate the inductive 
proof of the rolationship of the whole mammal 
world including Main^ And even in this case the 
history of the development of the living repre- 
sentative of an animal group, supplements the want 
of oliservations on conditions and processes that 
have played a part in the remote period of the 
earth’s history. 

A separate origin for the Monolrema cannot l>e 
unconditionally rejected, but is exceedingly iiu- 
[irohable, if only on account of the pmdect agrem 
ment of the embryonal mammary apparatus of the 
Marsupials and of the other orders, with the mar- 
supial pouch of the Echidnas. The suppositions 
favouriiig the possible independence of the Mono- 
trema do lujt, of course, 
foundation as long as we do not know tlie 
ampliila'o-reptile forms where the niMiinual charac- 
ter sliows th(‘ lirst signs of iicoming and of 

* Kiiuitwch, ‘ iiur Morpholugic dtT 
fihtjlutj, JahrbiU'lLf ix. 
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Ijecoming established. On the other hand, to 
take a very obvious case, when competent au- 
thorities emphasize the possibility that birds of 
the ostrich species (the Eatitse) are of a different 
reptile origin to the other birds — c.y. those with 
a keel-shaped breast-bone— the supposition of a 
convergence would, in fact, be established ; for Ijird- 
like peculiarities are met with in the skeleton of 
several fossil groups of reptiles, hence the trans- 
formation to the real bird would in various respects 
he al)solutely no wonder at all. 

The geographical distribution of th{3 klonotrema 
is conllncd to South Australia and Tasmania. But 
a few years ago a new Hpecies of Oniithoryncha 
wuH dt‘Hc.ribed from a perfect skull found in New 
Guinea, This does not really make the range of 
their distribution any larger, as New Giiiiuir was 
clearly at one tinu^ connected with the continent of 
Atistralia, and conser|nently belcmged to th(3 same 
zoological province. Not a traee of any fossil 
discovery leads us fi-oin tbt? pn^sent living Mono- 
trema ))aek to the primeval world, to whi(di never- 
tlieli*ss they stand in sucdi palpable rcdation. Th(‘y 
ar(‘, UHU'eover, wi<li‘ly diffeiumt from the other 
groups of living MiimiutUH. Even admitting the 
tl(*hatabl(3 supposition that they were directly allied 
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to the Marsupials — lienee derived from common 
primary forms — their separation from these must 
have taken place before the Trias period.^ 

2. THE MARSUPIALS, OR POUCHED ANIMALS. 

The Marsupials stand in a remarkable position 
l)etwecn the Prototheria (the Monotrema) and the 
Eutheria (the ‘higher Mammals ’), but obviously 
their relation to the latter is more direct, whereas 
the gap between the Monotrema and the Mar- 
supials is left to the free play of the imagination. 
It is not readily intelligible how the marsupial 
pouch of the Echidna — which serves to protect 
the helpless offspring —could have originated by 
natural selection. Here the two liones rising from 
the pelvis, the oi^sa qnpnhica, transmitted to them 
by their ancestors of the monotreme species, have 
l)Ci(ai brought into connection. The openings of 
the urinary and genital organs have remained 
at a low stage and show resemblance to the 

^ P\)r tli(' sake of clwiiesH and simplicity wo intend in tlic 
following with Huxley, to call the Monotronia, as the lowest 

Mamnuil form, Prtifoflima. Tlioy are tollowod by the Mursujjials 
as MviniUcrut ; and all the othe.r orders comprised as the ‘ hij^du'r 
Mammalia’ then follow as Kntheria, Zooloj^ists will know that 
the two lust (h.'sij-^natitms stand for tlm niortj lujeneral terms 
]>idelphia ami Monodttlphia, which, however, require a special 
explanation. 
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arrangement in the Monotrema. The j'oung leave 
the maternal womb in a very immature state, i.c. 
the nourishment, the renewal of blood in the 
uterus which, in the case of the Eutheria (the 
high Mammals) is regulated by means of the 
placenta for the advantage of the offspring, must, 
owing to the absence of this fn?tal organ, be 
accomplished at an en-rly stage l;y mamma-ry 
glands. The furtlier development of teats, in ac- 
cordance with a l)eginning corresponding to the 
marsupial pouch of the Echidna, has already been 
mentioned. 

A fresh feature l)y which the JlarKupialK are 
brought into direct connection witli the liiglier 
Mammals is their dentition. And, moreover, with 
their dentition they extend baedi beyond iJie I^Iono- 
trema to primary amphibian forms, and at Ibe 
same time the groat ^'ariety of forms jirove, 
in a most obvious way, that they have differeii- 
tiatecl from the simpler beginnings of tbeir ancestors, 
in so far as they were ohlige<l to do so owing to 
the generally more uniform surface,! of tin.! e^arth. 
One peculiarity affecting the whole group of Mar- 
supials is this, that only one pair of tecdh in eillier 
jaw is changed during the lifcjtime. I’Ih! Hucees- 
sion of the teeth with the incoming of the one 
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deciduous tooth, is not a safe starting point for 
making a satisfactory comparison of their denti- 
tion with that of the Eutheria (the higher Mam- 
mals). 

In an interesting paper on the classification of 
the Mammalia, Huxley ^ says : ^ As Professor 
Flowers has pointed out, the question arises 
whether we have here a primary dentition with 
only one secondary tooth, or a secondary dentition 
with only one tooth of the primary set left- I 
have no doubt that the answer given to this ques- 
tion by Prof. Flowers is correct, and that it is 
tlie milk dentition of which only a vestigo is left 
in Marsupialia. Among existing Eodents, in fact, 
all conditions of the milk dentition exist from a 
number equal to that of the permanent incisors and 
premolars (as in the rabbit) to none at all. The 
same thing is observed in the Insectivora, where 
the Hedgehog, and probably Centctes, have a full 
set of milk teeth while none have yet b(U‘n found 
in the Slirews. In these cases it is obvious that the 
milk dentition has gradually been suppressed in 
the more modified forms ; and I tliink that there 

’ ‘ On the App^icii'tion of the La'vvs of Evolution tf> the Arran^^e- 
niont of the Vertobrata, and more jjarticularly of the Mammalia ’ 
{Kosmos, ix. 1881). 
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can be no reasonable doubt that the existing Mar- 
supials have undergone a like suppression of the 
deciduous teeth in the course of their development 
from ancestors which possessed a full set.’ If this 
is the right explanation, the suppression of the 
milk teeth in Marsupials must be transferred to 
a comparatively more recent period when the 
branching off of the Eutheria, which still possess 
the milk teeth, had not yet taken place. A proof 
of this is that some groups of Mammals do not 
show this succession of milk teeth and permanent 
teeth, or rather that they have lost it notwith- 
standing a relationship markc‘xl by a change 
teeth. 

As regards teeth and lim))S, the jMtirsupiaJs 
of to-day bear testimony to no small amount of 
adaptability. It may be comp{ircd with that 
adaptability which is evid(3nt in ilie whole class of 
the higher Mammals, if we are not to admit that 
the Eutheria have originated separately in groups 
from the already modified Metatheria. True, the 
most useful and docile Hoofed Animals a>re looked 
for in vain among the Marsuirials, and notwith- 
standing the great diversity in the fonnation of 
their teeth — which goes hand in hand witli their 
mode of life— the types of the insect-, ilesh-, grass- 
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and root-eating Marsupials are far more alike in 
structure than are the Eutheria among one another. 
The largest numbers of teeth— fifty — is found in 
the oiiossum, TJidelphi/s, The marsupial pouch— 
the characteristic feature of the class — has, it is 
true, become reduced to a few unimportant folds on 
the a))dominal skin. Still, because of the number 
of their teeth, and because the earlier fossil Mam- 
malia show most affinity to them, they must be 
regarded as the least modified meml)ers of the 
family. 

The Didelpliida), or Marsupial Rats, are now 
confined to southern and central America. Neither 
geology nor palamntology gives us any clue as to 
how this has haiipened: whether and when this 
))ranch separated from tlie main group confined to 
Australia : wdietlua* the agreement of the ‘Didedphida? 
with the oth(‘r Marsupials is a matter of convc‘rg- 
ence : or wlndlu^r the Australian Marsupials arc. of 
Annudcan origin. However, Ave shall have to ridurn 
to tills latter supposition owing to an anatomit^al 
peculiarity. The dentition of tlie Marsupial Itafc 
shows most resell) bianco to our Instadivora, and they 
also agree with them in many %vayH as regards modii 
of life and food. Even Cuvier discovered their fossil 
remains in the Eocene strata of Paris. It was only 


a 
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at a much later date that E. Owen ^ traced similar 
animals back to the Trias formation. 

In the so-called Bhsetic beds, one of the sections 
of the Trias, a few ininiite teeth wore found wdiich 
probably belonged to an Insectivorous Marsupial ; 
these teeth have given rise to the genus Mierolesies, 
Again, in the Lower Lias (of the Jura fornuition), 
fragments of lower jaws liave been found tliat must 
1)6 regarded as Ijclonging to small Inseciivorous 
Marsupials. PlHimfl<rth(!riirm is most fr<T|Uontly 
mentioned. Similar remains arc found in the strata 
directly Ixdow the Chalk formalioiis, and among 
these we have PlnfjUuihir, v{‘ry rt'inarkahlc' on 
account of the reduction and special isaiiou of its 
d(‘ntition. In Fig. 2 wtj have tlu^ low(U' Juav of PL 
minor (a) in natural size. llenc(» it wa.s an animal 
of the size of a moust^ Ijt the enlarged Jaw of 
another species (Fig. 2, b) th(‘. premohir (?),mark(‘(l 
by number 4, and followed by two mohir-sba|a!d 
teeth, shows the voiy markcui character of the 
genus, which is less distinct on th<.‘ pre*cc:ding 
teeth — Le, the deep diagonal grooves. 

Owen looks upon all tlu‘B<i irnp(‘rfe;ct remains as 
' generalised forms,' whereas nnxl(‘.y asks, what are 

* Owon, ‘ Monograrliy of FaHnil Mamnuinu of AltnKr/.oic 
Formation’ {Pahmiiulugical Society^ 1 H 71 ). 
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the peculiarities of the more embryonal or less 
specialised type of the Phaseolotherium as compared 
with the Opo>ssiira of to-day. Upon the whole Owen 
seems to us to be right, as regards the dentition, 
in coming to the conclusion that from Fhasco- 
htheriiim to Didelphijs we have an advance from 
the generalised to the specialised form. This sup- 
position cannot, however, he extended to IFigkmlax. 



A. LawtM- .law of PliiKiaiilax minor. ■X'atnra.lKizo, 

/;. Lowin’ .Jaw uf I’l. roar timt'S uiiliu’Koil, 

This anirmil appears rather to be already so far 
specualis(3cl tliat it advanced but little farther in 
suljsequent times; nay, if the line were carried 
down to the actual present, it might oven be said 
to liave become effaced. 

The remains found of Idafjiauhut: show the 
following connection with the living Marsupials. 
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An animal allied to the European Tlagiaidax is 
described by Marsh from the J ara of Wyoming — 
Ctenacoclon — without the above-mentioned deep 
grooves on the premolars, but they are jagged on 
the upper edged In addition to this, in 1883 
a discovery of great interest was made, by which 
the connection between the primary and the exist- 
ing Marsupials has been almost directly restored. 
In the Lower Eocene, in the neighbourhood of 
Eheiins, Lemoine found the jaw of an animal whicli 
shows a remarkably grooved tooth as the only pre- 
molar, and behind it two low tul)erculato molars 
(Fig. B, a). Owing to its close rosemldauce Lcanoine 
called it Neoplagmulax, and class(‘s it by the side of 
the existing dwarf-kangaroo of Australia, the 
tongiii pimi(Mata (Fig. 3, b). ^J’bis latter also bn.s 
a grooved tooth, even thougli sonnAvliat Ic^ss diH'ply 
marked. 

As the Eocene animal has two, and Beitoivjm 
three teeth behind the grooved tooth, we cannot, of 
course, speak of any direct r(>lationship, Imt 
may assume a lateral connection Ixdween the two. 

* We shall hero use the words preniolars and inolarn (as riK»st 
paleontologists do), although aoconling to the coudititins of the 
living Marsupials, we are not absolutely oertain wlnither we are 
right in distinguishing the teeth of the fossil forms as milk and 
permanent teeth, premolars and molars. 
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Lemoine also finds agreements between Phujiaidax 
and Microlestes, and has thus lengthened the series 
from the Present to the Trias formation. The 
French zoologist further discovers in the upper 
cheek-teeth of the Brown Eat similarities with 
teeth which, found isolated, probably belong to 



,1. Lfiwcr Jiiw of 

/;. Lower of CoUoiiKiit, jichioillutu. After Lemoine, 


Pkifinnlax. All tliiH points to th(j primeval stoek 
where! Marsupials, Iiisectivora, and llodents meet, 
iiut we. <;unnot imagine that Phtriianhix was an 
itisect-eader ; 1 slioukl he hiclined rather to assume 
that Bi'Houijin lived upon vegetable food. 

The scientific dispute regarding the mode of 
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life of Plngianlax — as exi)ressed by its dentition — 
which has been carried on with much animation, 
more particularly by English enquirers, also affects 
a Marsupial of the Diluvium ; and Ow’en has ex- 
pressed his conviction as to the carnivorous habits 
of the animal (which is almost the size of a lion) 
by the name he gives to it, he. Thglacolco varnrfrx. 
Its skull, like that of many of the Marsupials, 
shows the peculiarity of strongly developed middle 
incisors. The canines ami front cheek-teeth are very 
insignilieant. But both above and below follows 
a huge, compresBiHl preiuolar which involuntarily 
reminds us of the canine of tlu^ larg^t cats of our 
day. Tlie rest of tla^ laudv teeth, also, do not op- 
pose the supposition of its biding carnivorous, benc(! 
here again we do not miderslaiul Owen's leunu*d 
opponent wlio would chai*u.ct<'risc 'rhj/laculvo as a 
plant-eater. We agian^ witli Owen's opinion tluit 
none of the existing (?arniv<H‘<)ns klarsupials show 
a similar concentration of tli(‘ diaitition—such a 

good or serviceable set of teeth as ThjhcoUo, in 

whose case tliis direction of di;V(‘iopment has ex- 
hausted itself. But does our ^Iarsu]>ial Lion sliow 
aflinity with Vlagiaulax, as €i>pe would liav<) us 
believe? Quito apart from the ipiestion i)f food, 
we consider a transition from the dentition of 
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Plarjlaulax to that of Thyhirnlvn as oxcooflingly 
imiH’obable ; besides this, the discoverj^ of the 
NeoylagiduJax leads iis to an entirely ditlerent 
track from PldgUiuhix. 

The Marsupial Lion of the Australian rieisto- 
cene takes us back to the time Mhen the group bed 



Ek!. I, Skull of Diprotlon AuHtralD* Oiut-Ouilli iiatiiml avav, 
After Owun. 

reached its fullest dcvelopiiuM it (followed )i}'a koiiic- 
what rapid decliuo), and wliieli pre.suppoKes a Miiniiar 
and contemporaneous abundance, of plant-eaters 
necessary for the sustenance of the huf'e llcsJi- 
eaters. And there exists at least onc! species of 
those theoretically ruipiired — the colossul J)ipri>- 
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todon australis, whose skull is one metre in 
length. It was obviously a plant-eater with a 
specialised dentition, as is proved by the iieciiliar 
incisors and the compressed cheek-teeth, which are 
separated from the incisors by a considerable gap. 
According to Owen’s masterly comparisons, in 
Cuvier’s style, D/protodo/t was a gigantic kangaroo, 
but without the power of leaping. Like most of 
the imimeval species which attained an unusual 
development of strength and a certain monstrosity 
of form, it has not left any direct descendants, but 
together with it there lived, in those days, powerful 
creatures closely related to the kangaroos, such as 
Palorclmtes, with a skull 40 cm. in length. 

Wombats also {Phascolomijs), of wliich there 
exist only a few species, find their fossil com- 
pletion in numerous species of this genus, and 
partly corresponded with them as regards size, and 
partly far surpassed them. They appear all to 
have been root-eaters, and, as is wdl known, the 
hahitus of the Eodents is repeated in a remarkablti 
manner within the group of Marsupials. The one 
that can most readily be compared with them is 
the Notothcrium, which again is a creature that far 
exceeds the living species in size, with a skull of 
the most ugly description imaginable. While the 
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PJmscolarctiis fiiscim of the present clay (Pig. 5) 
shows a slaill of 11) cm., the skull of Notothr- 
rium MiU'.licUi (Pigs. 0 and 1) is 46 cm. long, to 
404 cm. broad. The breadth is caused by the. 
enormous arch of the clieek-boiie. The cheek-teeth 



Fid. 7.~ -S]cull (){ Nutothtiriuiii, front viow. Oni'.-Hixth luitural 
After Owon. 

are very like those of Diprutoihm, and are likewise 
I'uruislual with transvcu’.se ridgtjs, tlie wlnde dcuilal 

formula Ijeing the sanm ; i c m IJ. The struo 

tiire and form of the teeth point to a plant-c-nter, 
and not to the halats of a wombat that grub.s for 
roots. 
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All of tlio nl)ovG-niC‘iitioned fossil I^Iarsupials, 
which have boon closoribod ])y Owoii in his 
masterly wiirk,' holoii" to the niOHt recent "onlogical 
past. Tiny are found principally in Eastern and 
Braith-eastt'rn Australia, jjartly in river -beds — 
as for insttince in that of the Condamiiie and 
its tributaries— and in the dried-iip deposits of 
fresh waters, partly also in caves. The HO-callo(| 
Darling Downs, not far from tht; Condamine, have 
yielded a j^i'i^at number of these fossils. It was 
here that Deichhard, amoni; others, (tolletded at 
the eouimcncemoiit of his journey the reintnus of 
the Diprotodon, and eonsideriul them so littli* like 
foBsils, tliat he exjiresHetl tin; hojio that he would 
meet with Hpeciiiieiis of tlie siime animals in 

the interior of the continent. 

In ('(mclnsion, W(‘ come ajiain to tlu; (piestion 
as to th(! rt'latioii hetwtaui the. Anurienn and the 
Australian Marsupials, with rej^ard to which, as 
has alrea<ly been sai<l, the primitive {‘artli {'ivi'S 
us no chu'. B(!Veral iM‘c.uliariti(\4, inon.' particu- 
larly tlu' comph'tciu’ss of the, deniiliou, point to 
the ilidclphidic as the (nirli(u* branch. But there 
is also another circumstaiice. Accordinj,' to iiar- 

' Owem, J^lxtinct Mamimih of Austrului (Rornlou, 1H77), with 

pIutCH, 
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deleben’s recent observations on the structure of 
the tarsus or root of the foot in mammals and in 
Man,' the Didelphidte herein show most ajfreement 
with the Lower Vertebrates. All the American 
Marsupials (the num))er of which has been con- 
siderably increased ]jy the researches of Ileiisel, who 
died at too early an age) possess the determining 
IjoncH which, it is true, are not altogether wanting 
in the Australian species, l»ut are very much inodi- 
ficd, and thus point to a later differentiation. All 
of the American speedes, says llardelebcn, are five- 
toed. The larger forms, also thostj witliout the 
isolated hony internusdium, and finally those with 
a reduc.ed metatarsus, are all found in Australia,. 
For this reason Bardelehen thinks himself justified 
in maintaining it to la-, prohable that Anua'itja, and 
not Australia, w'as the. primeval home, of the Mar- 
supials. Hence, that the. Australian jMarsujiijils 
differentiated after the eontiiuait liecanu! separated 
from thc! rest of the I'arth, and that tUi-y thei'e ho- 
camc! to a certain extent fixed fornis. 

If the, enormous area of the Australian con- 
tinent— of which Tasmania, New Ziailaiid, and New 

’ T5ar(lol(!ljyn, * Uehi'r dtifi inlcrvwlhnn turn! ’ 
ficlitr. dcr dcnaiacJtcH (Jcni'llMduiftfUr Mvdk'iii und Ndinrwh.si'ii- 
nduift, IHHS). 
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Guinea form a part, and wliicli is so poor in Mam- 
mals— be compared with any other corresponding 
latitudes, the contrast in the fauna will appear most 
striking. The eminent German naturalist Carl 
Bitter, in his lectures on Australia,^ was, if I am not 
mistaken, the first to describe this continent — not, 
as is usually done, as the ‘ latest,’ but as the ' sta- 
tionary ’ continent, and as old-fashioned both as 
regards fauna and flora. This uniformity re.sulted 
in an entire absence of the most important outward 
indiiOGment to the formation of varieties : with a 
moderate struggle for existence, a consequently 
smaller progress in the functions of the organisms. 
No Marsupial has shown itself siiitalde as a 
domestic animal; ludther work, nor protection, 
nor milk has been obtained from them. Their 
flesh only, which is nnpalatablo to a refined taste, 
was mtulo use of by the nomadic primeval 
inhaljitants ; the latter were a very low race of 
men who, in fact, could not advance beyond the 
thresbohl of civilisation, becauscj neither the neces- 
sity for settling in certain localitk^s (which goes 
hand in hand with the taming and training of 
animals), nor any inducement to cultivate the land, 
was ever brought before them. 

‘ Which lectures I bad the good fortune to attend. 
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3. TEE EDENTATA, OR ANIMALS DOOR IN TEETH. 

Gaudry tells us that the famous ])rain-iinatomiHt, 
Gratiolet, compared the Hloths to old men crawling 
along heavily, with hands that had heenine ini- 
movalilo, and as having lost their teeth all lait 
a few pieces of <die<;k“t(*(3th. Now if we take 
these sloths in eonnection with thcf Ant-eaters, 
Arniadil]o(!S, and scaly ant-eaters (wliich c^all forth 
similar comparisons), and then i-udeavour to de- 
termine the (annnion charach.T of the. strange 
company from a scdentifie. point of view, W(‘ shall 
find it (‘asier to ask the (juestion than to give a re]dy. 
It is true that, as their systematic- nanu‘ indieati's, 
all are jinor in teeth- i.r. have an ini])overisluul 
set of teeth, sonu? (wen iu> teeth at all, and in most 
cases only iKiinte.d, regularly huTiied (dieek-tc-eth 
without (Uiamel; again, all jxissess limlm with 
large claws; further, the hrahi is in all eases of 
very moderati! size, the surface of the larger hemi- 
sphere heing flat. However, this latter ]ieeuliarity 
is met with in other of the. lower oiaha-s of the, 
Mammalia, and upon a (doser examinidion not 
mucdi importance can he attached to tlie certain 
amount of uniformity of the toes mentiom'd above. 
One sloth has three, another t'UHi, the Giant Sloths 
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three and four iocs, the Ant-eaters and Armarlilloos 
mostly five on the front limbs ; some are hiirrovei'S, 
some climbers, some walk upon the soh-s of their 
feet, others on the outer sides of their feet; the 
Sloths and Ant-bears have hairy covf-riii^s, whereas 
the Armadilloes and Scaly Ant-eaters are eovm-ed 
by an armour of bone, laa’ii, or scales. Tlu! 
armadilloes and ant-eaters live mi worms and 
insects, the sloths are deteided pla.ut-eaters. 

Even from a superficial consideration like this, 
it is evident — and a careful study of the ipiestiou 
only corrohorates the rmnark — ■that tin* livinj^ Eden- 
tata stand in a wholly dilferent relation amoniJ!; one 
another from that of the meiiilnu’s of otlao* orders 
of animals, with the exception, perhaps, of tin,* Mar- 
supials and Semi-apes. The certain soniethin;4 hy 
which they are connected, but whieli finr system 
of arrauj^einent cannot specify in a ftnv briid or 
clear words, could not be definihdy stated unless 
we were acfiuainted with the early hisiory of the 
group. 

Unfortunately, wo do not know tlieir early 
history. Even the geographical distrihution of 
the few existing speiaes points to a very ri-iimte 
period. Were we to assume that tlui uncestors of 
the Asiatic and African Armadilloes, the African 
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Groun(l-X)ig, and the American Ant-l)earH, Hloths, 
and Girdled-aniinalH W(‘re at one time allied. \v<^ 
shonld also have to assume a coiinca'tion ladween 
the three continents. There has heen no lack of 
very hold corahinations to hridge over the gap to our 
imdisc.overahle friends—who, it is to hfGioi>ed, were 
l)etter equipped for a wandering lift; than tlu'y are 
nowadays, and have heen siiiee tin! T(!rtiary, at 
least— and ‘also to the ostrhdies, which, owing to a 
similar geographi(nil distriluitioii, an.‘ equally enig- 
matical. But g(fol<>gy has, as yet, not heen aide to 
say her yea tet this. America alone shows a rich past 
for the Edentata of theiairth’s most remote periods. 
In Europe traces, at least, ha.v<^ heen found which 
justify th(! conclusion that where single individuals 
of tho modified h-rins lived, others also of the same 
gremp must havi* existed conteuijjoraneously or in 
the pri'cediug periods. 

The comparatively large varitd.y of I'hlentates 
in Houth America is a,ccount(;<l for hy the still 
larger numher of Diluvial spi-des, som(> of which 
were of gigantic size. iMany inhaliiti-d the same 
tracts of land which are at present the. u-hodc* 
of thidr evident snccessors, if not. di^seiuahuifs. 
Others wai ibid pushed further northwards, hut wt* 
cannot with certainty determine wind her tlieir 



Fia. 8.— Skull of the G-ianfi Sloth. One-tcntli iitit. aizo. 
After d’Alton. 


from the north southwards was the origin of the 
present distribution. 

The limbs of our present Icaf-eating Sloths are 
most perfectly adai)ted for clutching hold of the 
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Lranelies of trees, and the animals are, by a peculiar 
arrangement in the circulation of their blood, en- 
abled to remain hours and days in the most ini- 
conifortfible positions ; hence they have almost com- 
l)letely lost the faculty of moving along h'vel ground, 
d'he nearest relatives of the Bloth — i.a. of the 
genera Bnulypus and Chohvpus — are the colossal 
M(‘{i(Uhcriinii and MyJotlon, found in the Diluvial 
deposits of North and South America. Of the 
former wo have an account, with illustrations, in 
K. d’Alton's ‘ Classic Monogru,phieH,’ wher(! it is 
called ‘the giant sloth.’ Ihs tluire says, that, com- 
pared with its skeleton of fourteen feet in length and 
seven feet Ingli, that of the rhinoceros ap])ears grae(‘- 
fnl, the edephant light and slim, a,nd the hippo- 
potamus of good proportions. Its lunisually Ijroatl 
and bulky l)ody has a wry small skull (bhg. H), and 
is remarkably lilu'.tluit of our prescuit Bloth. Q’riu^, 
the cheek-bone, which in tlu; cas(! of the Ciaiit 
Bloth is firmly attached to tin; te.injioral hoiu', is 
not thus joined in our prescait Bloth (I'hg. b), Imt 
in the case of both the cluMdi-hoiU! shows jt strongly 
developed continuation thatjtoints dowuiwards. Tlu; 
teeth of the fossil aninuil, si.vteeii in mnnlaa’, are 
eonipressed within the actual regimi of the. clatek; in 
tile existing species they stand more u^part ; but in 
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both they bear witness to the peaceful halnts of a 
plant-eater, and the unmistakable agreement in the 
type of skull leaves but little space for a Ijrain, 
even in the G-iant Sloth. 

Eut what a difference in the limbs ! Of tlie 
character of these limbs in the two specii'S, d/ryn- 



f/urlm/i and Mylodon, and of the moth* of life <,f 
these animals as it has to 1)0 imagined from the 
limbs, Owen gives an admirahh* account. We will 
here quote his description of the Pi’imtivjil >SlothH 
which supphunents our knowledge of the nature 
and ha])its of the living species, (weu though it 
may not give any direct explanation of them. 
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After a detailed account of the various parts of the 
limbs, he says : ‘ The principle of viewing structures 
and instruments, in reference to the work that they 
do, is shown to be good in gaining insight into the 
mode of life of extinct animals, in a striking degree 
through its application to the skeletons of the 
Megatheriods (Giant Sloths), The teeth of these 
conform so closely in all characters with those of 
the Slotlis as to suggest leaves rather than roots to 
have ]jeen their food. In the light, slender Sloths 
the modilications of structure for climl)ing, cling- 
ing, and living altogether in ti'ces are carried out 
to an extreme. In th<3 colossal extinct kinds, the 
foliage, was obtaiimd in a different way. The. Imgv, 
single claw on the hind foot* would be? applicalile 
as a pickaxo to clear away the soil from between 
the ramilications of the r(jf)ts: a second claw “would 
have intorhn’od with such work. The foot is 
organised to give great strength to that claw ; 
dislocation o.f its toe is spocdally guarded against ; 
the rest of tluj tarso-motatarsal structure relates 
to the power of the foot to sustain superi]icuml3unt 
pressure, with a position of the claw bringing its 

’ This Ih tho claw of the niMdlo toe. The other touH appear 
to have boon furniehed with a hind of hoof, 

“ Tho reader who lindH thia expUiiiation somewhat too odd 
niuHt not forgot that Owen is a decided ttdeoIogiHt, 
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side instead of its point in eontact with the f^roihid. 
The bones of the thigh and leg arc remarlviihh* for 
their massive proportions, for their thickness, and 
especially their breadth in proportion to their 
length : the femnr in l)oth Mifhihm. anti Mfijrifkr- 
rium would rank rather with the “ flat ” than with 
the “ long ” bones. The.se osseous cohimns were 
needed to sui^port the huge, heavy, exiiimded 
pelvis. The iliac expansions are the cliief con- 
ditions of the other characteristics of this jiart; 
and they are nninti^lligible save in relation to adio 
qnate exti‘nt of powerful inus<deH, especially those 
arising from tin*, crista ilii, the chief of which 
muscles conctintrate their forex; upon tlie fort; 
limbs. This indicates that those linihs were juit 
to some unusual work ; aud the iiderenees fin an, the. 
teeth and tin; hind claw lead to its reeogiiition as 
the pulling down trees and wreindiing olf their 
hranclu's; but for these operations the pelvis must 
have! ade(|uate lixity, and to the weight and stnmgth 
of itself and its supporting limbs then* is udiled a 
tail so developed as to serve as a. third .suiqiort and 
give the ptdvis the l)aHis of a tripod. "Without this 
view of tlic function of the. hind parts tif the 
skeleton, wc? can only stm Unit tlie pelvis is ho great 
and, with its caudal appendage, so weighty as to 
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require the massive proportions and structure of 
the hind limbs, and, reciprocally, that these be- 
speak a proportionate size and weight of the parts 
to be sustained; but why such development of 
sustaining limbs and parts to bo supported in 
reference to any other action and way of life is 
inconceivable. The excess of l)one in the hind 
part of the skeleton once recognised as relating to 
the fixed point of attachment of muscular forces 
working the fore limbs — to tlui exertion of power 
adequate to prostrate a tree— ■ and the rest of the 
bony organisation Ixicomes intelligibki. That of 
the hind foot has been explained : the concomitant 
extent of the musciilur origin alforded by the Itroad 
scapular plate, wiili its many ridges, ciVists, and 
processes, is ihereliy uect)unled for. d’he. neei^ssity 
of the finnuesH imi)arted to the. shoiildca’ joints by 
the perfect clavichis almttiiig at one (aid against 
a large ‘‘manubrium,” at the otlier end against the 
conjoined acromion and coracoid, lietiomes obvioas. 
The fore foot retained thriic huge cIuays to effect an 
adequate grasp of the trunk or liough : for their 
due and varied application the fore ai’in enjoys al 
the variety and freedom of moveiiients which an 
arm terminated by a hand possessc's. A tri.a; being 
prostrated and its foliage thus brought within 
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reaclij every indication in the skull of the size, 
strength, flexibility, and prehensile power of tin' 
tongue harmonises with the foregoing teleological 
conclusions. The Megatherioicls, like the giraffe, 
thus plucked off the foliage on 'which they fed. 
In the ridged crowns of the grinders of the Gbnit 
Ground- Bloth we discern the power of crusliing 
coarser parts — a greater proportion of twigs and 
stems, f.jf. of the foliage, than the diminutive Tree- 
Sloths take. It needed only evidence of the occti- 
sional occurrence of what might happen to a beast 
in the fall of a tree which it had uprooted, to seal 
tho foregoing physiological inferences with the 
stamp of truth : and tho skeleton of tho Mi/JoiJun 
in tho Hunterian Museum shows that ovi(l<‘ncu? 
above the right orbit and at the back part of ihfi 
cranium.’ 

Those who can agree with Owen’s whole*, dedutr- 
tion as to the tearing down of trees will also accept 
his ingenious explanation of tho cracks in the skull 
of the famous speeimenpn the Hunterian Colltiction 
of the College of Biirgeoms. 

But although this account and our ohst'rvations 
concerning tho existing Bradypodtu throw light 
on the structure and habits of the fossil group, 
they do not tell ns anything about the real an- 
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cestors of the living Brazilian Sloths. The ex- 
pression BO frequently used in illustrating the 
relation, that the sloths of the present day are the 
pygmean remains of the family which attained a 
colossal development in the Diluvium, would he 
wholly misunderstood were we to regard the 
Bradypodfe as crippled Megatherioids whicdi had 
taken refuge in trees. In both cases the limljs 
have attained extreme formations which ex(tlude 
every thought of their having heen triinsmittcd the 
one to the other ; and wo are again referred to a 
lU’imary form that lies Ijoyond all the paheoiito- 
logical discoveries yet made. 

The existing Girdled-aniuiiils and Hk’ Diluvial 
Glyptodons rosemhh' one another less in siruc.turu 
than in size. But also in tlu! grou]) of the burrow- 
ing and grubbing Arraadillocis (wliich liv(! on woriuH 
and insects) one is tempted to H(d too little vahui 
upon the length of time nec.c.iKSiiry for ilieir origin 
than a careful consideration of the ilivergtneeR 
would warrant. Thus tlu*. Girdled-nioust!, ''’Iihtmi/- 
(hplinrus, a native of La Bhita, differs sf) much, 
from the girdled-animai proper, the in 

spite, of the moat obvious ladatioiiHliip, iluit iheixi 
must bo between thorn a whole series of transitions ; 
and hence probably one. or two geological periods 



THE EDENTATA, OK ANIMALS POOR IN TEETH. 121 


between tliem are necessary for the development 
of these transitions. 

In order to arrive at a right estimation of this 
and of all the other similar eases which we 
shall have to allude to later, it will he well to 
explain our views by a graphic example. Let us 
suppose that there existed by the side of our 
present one -toed horse, a three-toed form — like 
that of Tlipparion — which possessed, in addition 
to the middle toe (corresponding with tin; liorse's 
toe), other two toes, smaller, withdrawn from the 
ground and which had reached a stage of entire 
disuse. This is by no means a capricious idea,. 
Lor, in the sanic w'ay as ‘ cii'cuinsiances ’ k'd to 
the disappearance of th(i one-toed horsti in Amorica, 
circumstances might have prescirved the thri‘e-l*)('d 
form in Asia or Europe, somewhero hy the side of 
the races that were being transformed into a oiic- 
toed family. But even grafting tlui (‘xisiimei? of a 
three-toed animal, a non-scieutilic pia'seii would 
scarcely realise the length of time ruaiessiiry for the 
(hwiation and for the formation of the existing form 
of horse, JUpparion disai)pear(!d from the scumeH as 
early as the Upper Miocene, and yet oiii’ horst! was 
not what he now is, immediately before our present 
geological formation, as is proved by the order for- 
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mcrly coiiBiclered identical with it, and described 
under the name of Eqmis Stcnonis. This matter 
wo shall have to enter upon more fully in a subse- 
quent chapter. Although not extending farther 
back than to the Miocene, the period necessary for 
this reduction of the two toes and of the meta- 
tarsals to last rudiments (splint bones), was one of 
enormous length. And yet the modifications that 
took place during that joeriod in the horse’s foot, 
and the transformation of the dentition that accom- 
panied the modifications of the foot, were but 
trifling compared with the differentiatioiis in the 
group we are at present discussing (the Edentata). 
There is one other point to consider as regards 
the approximate length of the period. In the case 
of the horse, the question was less about a new 
formation than al)out pa,rts that lapsed into dis- 
use; now such parts {ire tninsinitted with in- 
credible tcmacity through long periods of the earth’s 
history. It is evident th.at mor(‘. rapidity is 
shown in triinsformations where adiiptation does 
not create entirely new organs, but niei-ely modifies 
those already existing; tlms, for instance, wherit it 
changes running feet into climbing b'et, iind in- 
signiflciint skin-ossifications into bngo shields and 
Ijlates. 
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If, accordingly, we require a very consideraljlo 
length of time — one certainly extending back into 
the Tertiary — for bringing the Armadillo and Gir- 
dled-mouse hack to one family'-, -we shall require at 
least as long a period for the development of the 
branch of Glyptodons from the common stocdc. 
Almost precisely the same latitudes in Houth 
America where the existing Girdled-animals find a 
home, gave shelter during the Diluvial period to 
the various species of the gigantic Glyptodons. 
Buenos Ayres possesses the richest collection of 
these very perfect fossils. They have been 
admirably described l)y Professor Burimdstor,' for- 
merly of Ilalle, who some thirty years ago went 
to reside in South America ; and the descriptions 
could ho made as complete as if lie bad bemi 
descriliiiig the skeletons of some common (eKisting 
animal. 

<rlij})i<)don dtivipcH nieasurcH 2'HO m. from tln^ 
snout to the end of the tail. Of these l-HU go to 
the huge shield which covers its back and siiU'S, 
forming one jiieco. The sknll shows an unmis- 
takal)le resemblance to that of the Sloths, not 
only as n^gards dentition, liiii also in the pi'cu- 

* Iku'iuuistor, Annales del Museo jnlblkv de liucms Aires, 
18(J4. 
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liar formation of tlie cheek-bone ; however, as 
regards the structure of its limbs it keeps wholly 
within the limit of the Armadillo group. The 
animal obtained its food by burrowing and scraping, 
prol)ably hid in caves, and protected itself from 
the attacks of the not very powerful Carnivora, l)y 
drawing its head under its l)rGast like the arma- 
dillo, its back being protected by a shield similar 
to that of a gigantic 
tortoise, its head by a 
hehiKft of bony plates, 
while the bony rings 
of its tail wc'i’e anchy- 
losed, and Ibi-nuul a 
kind of tunnel or 
andie.d bridge' of bone. 
Fm. lO.—Hfiatl of (ilyplodan c.la- The Alli-bearS of 



vipoK, iiatunil kizc. 

Aftor 


South America hav(i 


an u,ncestor in tin.! 


GldHSothcrium. Another giant t)f Diluvial South 


Amorica—but without any living luipri'sentatives 
— is Ttmxhm,, known to us hy its skidl, which 
measures 0'(50 metre; it pf»HS{isH(!d a more com- 
pl(!te dentition, hut neverthelesH shows afruiity 
to the Edeiitat(! type. Toxodmi, owing to its 
isolation, does not account for the e-xisteiief! of 
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any of its contemporaries or any portion of the 
living animals, and only asks us to imagine round 
about liim, and back to his own clay, a wealth of 
forms that cannot be conceived in too great a variety. 

From the Tertiary strata of South America — 
our knowledge of which, however, is very meagre 
— we have no Edentates. In North America a few 
forms, such as the Morojnis (of the size of a tajjir) 
have been traced back to the Miocene. This fact, 
and the freipiont oc-curi’ence in Neljraska of the re- 
mains of Giant bloths from tlie transition period of 
the New Tertiary to the Diluvium, induces Marsh 
to dispute the prevailing idea that the Diluvial 
Edentata spread from the area of their distrilnitiou 
ill the south, northwards ; he maintains that it is 
more probable that they migrated from the north, 
soutliAvai'ds. 

Fossil remains of Edentata have only rarely 
Imen discovered in Euroim. Wo have tbe d/arro- 
■thr.r'uDU, from the Middle Miocene of Saitsiin 
(France) with its peculiar retractile claws. To 
judge from the character of its limbs, it might 
have l)een a climber, but can scarcely liiive Ixiiui 
this, for, as Gaudry says, it cannot often have 
come across trees strong enough for sucli exercises. 
The inexhaustible beds of Fikermi (Upper Miocene) 
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have furnished one hiif]fc Edentate, AnnjJothrrium. 
Finally a few remains from the Upper Eoetau; of 
Qnercy corroborate what is demanded l)y onr theory 
and common sense. "With this (livision of the 
living world, we may he said, upon the whole, 
to stand utterly helpless as regards geological 
antiquity, in so far as the question refers to a 
special proof for the origin of six'cies, and the 
perfectly justiliahle proof of a general deduethm is 
not accepted. 

4. TIIK UNtJULATA, Oil llool-'m^ ANIMALS. 

The nsua,l classilication of tlai living mauunals 
furnished with hoofs into many-hoofed, doahh*- 
hoofed, and singh'-hooh'd animals appears as 
natural and self-(!vident as convenient. llowi'Vir, 
it becomes utterly inapida-alile and pro vis alto- 
gether incorrect when tesieil by our present 
scientific principlis, and when we further consider 
the paheoiitological materiiU that has graihially 
been acquirisl. Of no other gronj) have, such 
numerous fossil remains been fmind, and in no 
other have so rnuny lines l»een evolved from tla; 
earliest Tertiary iieriods, ](a,rtly up to the ]>reseni; 
hence, the remark of a recent writer, tiuit ‘ the 
genus Horse is the true “ show horse ” of the theory 
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of evolution,’ may truly be applied to tlie whole 
order. All the aiiimale of the present age have be- 
come what they are, but in scarcely any other case 
is the process of hccnminrj so obvious, or the transi- 
tion more perfect : the transition, that is, from the 
less specialised dentition of the Omnivora to the 
peculiar jaw of our horses and ruminants, the 
disappearance of the toes of the five-fingered 
primary-hoofed animals down to our two-toed 
ruminants and onc-tocd horse. 

The basis of tho correct classification has long 
since been given by Owen, who divided all tho 
Hoofed animals into odd-hoofed and pair-lioofed. 
It is not the number of toes that is the characteris- 
tic feature, but tho distribution of tho weight of 
the body upon the outer parts of the legs, or, what 
is the same thing, tho relation of the lengtluaied 
axis of the leg to the middle toe. The Odd-JKiofad 
(diimah {Vumodartijla) are those with either live, 
four, or one toe, but where the lengthening of tho 
axis of the upper and lower arm, and uppt;r and 
lower leg, passes through tlu'. middle to(i, whereby 
tho middle toe has to bear the main weight even 
where we have a three, four, or live-toed animal. 
And Ptdrcd-lioofid aniiiuds {Artlodavhjhi) are those 
where the axis passes between the middle and the 
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fourth toe ; hence these two toes are more active 
than the side toes, and have an almost e(iual 
amount to do in hearing the weight. They ac- 
quire strength by this function, while the less active 
toes gradually become useless and iinally disap- 
pear. "We have already referred to the importance 
of the specialisation of tlie teeth, and to the sim- 
plification of the limbs produced by the reduction 
and disappearance of the toes, as an advance for 
certain functions. And it is self-evident that the 
disappciarance of the toes must, in a lesser or 
greater (hgree, aliect the middle ])art of the hand 
and foot, the roots of the hand and foot, the bones 
<if the hover arm and leg, and also tlie nuiseles and 
other soft parts of IIks lnnl)S. 

Kowalewsky has })ointe.d out an exceiulingly in- 
hii'esting circumstance coinufch'd with tlie bones of 
the hand and foot, and distinguish((s inddttjilira and 
adaptin', forniH among the lloohsd animals, wlieiM*. 
the tot'S are either ])artly rudimeutfiry or have 
completely disappeared. This ex])lanation of Kow- 
alewsky’s throws some light upon the question 
wliy so many lateral hraiudies of the Mammalia 
have died out, whereas previously we had to be 
satisfied vviih tlie general supposition that these 
were the very branches that had not survived in 
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the struggle for existence. The case is this : the 
original five-toed extremity (compare above Fig, 1, 
p, 36) has, in the second row of tarsals, one bone 
for every toe. If the side toes l)ecome reduced, 
one of two eases may then happen to the bones of 
the second row : either 
they become reduced 
with the toe, or they 
are retained for the 
remaining too ; Lc. 
they adapt themselves 
to the circumstances 
of tho limb which 
changes with the toes 
and add to its strength 
and agility. The ex- 
amples adduced by 
Kowalewsky are, in 
fact, very instructive. 

In the case of the 
Eocene AnoplotJurinm, (Fig. 11), tlie first digit is 
wanting up to the carpals, but the carpal Ijone 

(1) belonging to it exists, only it is reduced and 
is of no further use. Of the s(.‘cond digit the 
shortened metacarpal (ii) exists, as also the carpal 

(2) , but both are useless. 



1'T<k 11.— Lcift Pni’O-fool of tho 
Anoiilothoriuiu, Aftor Ivuwa- 
IcwHky. 


K 
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Now if we compare tlie same part of the foot 
of the Peccary (Pifj. 12), the first carpal has 
vanished with the first toe. The second toe, of 
which our illustration show’s the metacarpal (ii), 
is withdrawn from the ground as the lateral 
toe, hence Ijecom- 
ing reduced, hut its 
carpal (2) has not he- 
come a superfluous 
appendage, as in the 
case of Anoplothc- 
riuni, it has entered 
the servi(!e of tlut 
third, one of the. two 
princijjal to(‘H (ni, 

IV) ; if han (uJaptcd 

iturlf to On; new eon- 
difioiis (jJ' ifH (miduim- 
tion that horn (jvodu- 

Ym. nm.Iiwl ol Uu. 

I’oeoiu'y. After Kowulowfiky. 

The illustration 
shows that Ijoth animals are esBeiitially tlie Hanie 
as rt'gards the fourth and fifth carjials. In tlu; 
peccary the fifth too is still atiju-hetl to the tifth 
metacarpal, as in the case of the sectond reduced 
toe of the Anoplotherxum, whic.l} has dwimlled 
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down to a mere remnant of the fifth meta- 
carpal. Blit it IB of use almost exclusively to 
the fourth toe, and has grown into one piece with 
its neighbour, 4. Kowalewsky thinks that ho may 
safely affirm that the iiiadaptive forms like the 
Anoplotherium had, as a rule, a very short term 
of existence, and differentiated within narrower 
limits ; and that the adaptive forms possessed the 
more advantageous predisposition of hewrj further 
devdfqwd, as is shown by their preservation and 
transformation up to the present time.’ 

The first incomings of the Hoofed animn.ls are 
as yet lost in the same obscurity as those of the 
other orders; they are fouml variously dovoloped 
as early as the Lowest Eocene strata. A singht 
g(!nus, indigenous both to the Old and the New- 
World, posscisstis five toes on tlui fnrii and hind 
limbs, Init alrtaidy showing an inclination to odd- 
lioofedism, if wo may use the rather strange e.x- 

> Filhal ImH uttfired a daeided in’ot<!Kt aK'iiiimt tho Rf'nuH 
Anoidothcrium. It Ik Hnid to bo pbtntifully n'liroKCiiito.il in thn 
tlpjior Eocono by a nnmbnr of 8ub-j;on<;ra and Hpoeion. Filhol 
afilcH UB to conflidor that tho Budden dlBaiiiioamnce of tho Ano- 
plothoridffi, without leaving identifiablo doHoemdantH, may as well 
bo tho roBult of omigration an of a general dying out. Htill 
KowalciWBky’s opinion has tho advantage of boing not raoroly a 
BuppoHition, but one based upon ^ a Very plausible soientillc 
deduction. 
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pression. The animal is called Coj'jjphodoji, and is 
somewhat the size of a rhinoceros. The toes arc 
all complete (Fig. 13) ; but i and iv are strik- 
ingly weaker, and iii decidedly the strongest, 
corresponding with the lengthening of the axis of 
the shank. The form of the skull of this earliest 
known Hoofed animal does not make any strange 
impression, any more than do the limbs. The 
full dentition (forty-four teeth) leads to the con- 
clusion of its having lived upon different kinds of 
food, lint the In’ain— the circumference of which 
can be gathered from well-preserved impressions — 
shows an inferior type of organisation, owing to its 
insigniiicant size and the snialhieKs and the tbit sur- 
facG of the larger part of the brain. It is, in fact, the 
lowest and most reptile-like l)rain known to us. The 
(lianuiter of the larger portion scarcely exceeds that 
of the spinal marrow, tln^ middle ]>rain being the 
hroadtist s(‘ction. Further, the form and position 
of tlus olfactory lobes remind one of tlie lower 
vertebrates. Tlio length of the hemispheres mea- 
sures one fifteenth of the skull, their volume one 
twciUty-HOventh of that of a tapir of the same size. 
Hcmce the brain of tho Corypliodon has more the 
appearance of that of a lizard than of any existing 
mammal. But, noverthcloss, this and similar 
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forms leave us very far from a proper knowledge 
of the primary Hoofed animal. And the eonncction 
between Coryphodou and the colossal Dinocerata 



,Fk}. Id.- Coryphodon. Skull with Brain. Ono-litth nut. Kizf. 
Alter Marnlt. 

(which arc confined to the west of the Itocky 
Monutains) also appears very huleiinite. We shaU 
again have to return to the Dinocerata. 
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The palseontologist, therefore, meets with Odd- 
hoofed animals (Perissodactyla) as early as in the 
Lower Eocene .strata, and distinct from the Pair- 
hoofed animals {Artiochictyla). He can, in both 
gronps, follow a few lines up to the present, and 
can thus construct the pedigrees of the existing 
fiirnilics, at all events in very jirohahle outline.s. 
In addition to the aljovo-mentioned general form of 
specialisation— whicdi received its fullest expres.sion 
in the ruminants and horses — we have a very 
marked change as regards the predominance and 
the variations of the group in the New Tertiary as 
com])arcd with the Post Tertiary periods. The 
tapir-shaped and pig-shapesd Thick-, skinned animals, 
which at one time swarmed among the moist 
for((HtH and marshy hanks, decrease in number, 
while deer, arihdopcfs, and ox(‘U become nioia; and 
more the inhabitants of tlui ne.wcr formations 
of forc.'st lands and of the gras.sy plains -or at 
least tlu! drier stepjai-laiids — -whieli hecame possible 
with the greater consisttaicy of the newer con- 
tinents, I)<‘i‘r, anhdoia.'H, and oxen have, since the 
Pliocene up to the Present, steadily and very 
strikingly increased in number of spt'cies, whereas 
the Odd-hoiifid animals have as steadily decreased. 
As late as 1B09 Kiitimeyer—in special reference 
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to the Hoofed animals — was able to maintain, there- 
fore, that, ‘ill siiitc of onr as yet knowing with 
certainty only a V(n'y small portion of the fossil 
animals, still it has come to seem at least proliable 
that not only the variety and very marked character 
of the forms, but that the immljcr of the species 
also has continuously increased.’ However, this 
opinion rof|uires modification since the discoveries 
nuuhj in America during the last fifteen years, 
which discovcirios may, to a certain extent, bo 
classed with Filhol’s discoveries in Hrance. The 
Hoofed animals teach us abov(! all things, as has 
already been said, that wc. livt; in a world /zoologi- 
cally vc'ry impoverislKid. 

'riie fossil species whicli have not left any 
living rcsprcsciitative of tbtdr former existciuits will 
receive only our second (tonsideration ; but as tins 
very class contains most of th(^ genera tliai must 
be the, primary forms of the present species, we 
shall best attain our object by showing the links 
which connect ilui mammals W(j haves around us 
with those of the primordial worbl, by starling in 
a general way from the known Hoofed an iiiials-—uH 
a few of the highest and still hlossoming oll’-shoots 
of a mighty tree— and thonccs take a surviy hack 
towards the roots. 
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Artiodactyla, or Pair-hoofed Animals. 

The two main groui)s of the living Pair-hoofed 
animals are the Pigs and the Paiminants. We have 
an apxiroximation to the pigs (above all in the form 
of the molars) in the hippopotamus, which con- 
stitutes a side group. The characteristic feature, 
which is met with even in the earliest known 
forms, is the peculiar formation of the crowns of 
the molar teeth; and wo shall accordingly desig- 
nate the Pigs as tuberculato-toothed animals or 
Ihmodonta ; the Eumiiiants as crescentic-toothed 
animals or Sidmodontn. In animals of the pig 
BpecioB the enamel of the surface of the crowns 
shows elevations. The almost four-cornered crown 
(Fig. 15, to tho loft) shows a front and a back wall 
(r, h), an outer and inner sidti, an outer and an 
inner front tubercle (ai), and an outer and an 
inner baede tubercle {ai). The tooth varii'S in 
accordance with this scheme. Flkivations of the 
enamel arc met with also in tho ruminant type, 
but xn-esent tho form of a crescent (Fig. 5, on the 
right), and much deeper folds. 

1. Tin-I SUI1).>K, OK 1‘IfJS, 

The Pigs are reiirasentod in Europe by the 
widely distributed genus Sus, and a few others of 
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lesser importance, in America simply Ly the 
Peccary, Dicotijles. From Sus we can most directly 
follow the aeries in its earlier forms, whereas the 
hog-deer of Gelehes [Bnhirmm) and the African wart- 
hog {PhacofJi(i‘.n(n) show peculiarities of dentiti(m 
which, in the Bal)iruHsa, have proceediid from miw 
and special adaptations ; and the Phacochierus 
seems to owe its existence to an unknown latm’ul 
hraiich. 



Ifi, — nf a 'ritlMTt'ululi* Todth fuitl of a 
C’n'S(»!ntit! Tooth. 

The head of tint Pig is nntiarkahly long. Its 
rnod(! of life has played )i great part in f<»rniing 
this elongated shape, 'riiis is eviiheit from a com- 
parison of tlio Wild Boar with the Domestic Pig, f»r 
of an animal kept in a sty with an iiulividual evt-n 
of th(! same litter— that has laid to s(fi‘k its food 
in iiKiadow'S, The more the pig has to work with 
its head, by harrowing, the more it Htretches the 
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muvsclfjs of the neck attached to the back of its 
head, and tlie more is the plastic part, which is 
specially soft in the young animal, affected by 
the meehunicHl inlluence and becomes elongated. 
FurtlnT, the shapt! and length of the snout is the 
result of the pressure experieiice<l while the pig 
is o))taining its food, but is (tspecially connected 
with the largtn* number and full Beries of teeth. 

y 1 3 3 

The dental formula* is; i r ^ pm m Tin- 

lower ineisors stand out almost horizontally, ;is 
in the case of some of the plant-eaters, and are 
adapted for cropping grasses in which thcj tongue 
takes no part. The canines of tin; male animal de- 
velop into fttarful weapons, especially in tlu^ case of 
the wibl hoar. The premolars arc of an indefinite, 
eliaracter and of suhordinate importance, both us 
regards taking food and for chewing it. The 
molars, on the, otlu.'.r hand, both in form and 
action, ociuipy a middle position ladwtain the cheik 
teeth of the. Carnivora and thos(i of tlu! dtadded 
grass-i'atiirH ; ytd in Htructure, in spite of their 
affinity to the latter, they show a closer rt;Heni- 

' Tlut milk-tcfUi of tin* I’jk coiiHiKt of four cliock-tfoth. The 
flrHt OIK! iH not hut rouiaiuri in itH jjaHition for Borne 

hingth of tinit!, till tiftcr the throo iioriimiiont iireinolara have 
appcaretl. 
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Llance to those of the Carnivora. They are adapted 



not only for chewing hut 
for crunching food. Their 
dentition is, in fact, that 
of an animal living upon a 
mixed form of food — one of 
the Oinnivora. 

In the structure of its 
foot the Pig is very closely 
allied to the Peccary, which 
we have already mentioned 
as an example of the so- 
called adaptive animal form. 
However, tluf Peccary has 
atlvanced fiU'ther in the 
adaptation of its tarsal hones 
to the two principal toes 
than the. Pig, in whose, case 
both the. S(;e.ond and th(i fifth 
toe. still almost wholly claim 
the support of the carpals, 
without therehy accomplish- 
ing anything jiarticuhir in 


Fia. 1(5.— Bight Foro-foot the way of standing and 


of tho Pig. 


rmming. From the rdation 


between the carpals and intstacarpals it is evident 
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that the reocary ilncotijlm), l)y tlic simplification of 
its lini])s — which is advantageous for running— has 
advanced farther than Sun ; it is, in fact, a hotter 
runner than the Pig, and we are fully justified in 
supposing tlait hotli animals will inako still furllu-r 
progress in this direction. They are, without douht, 
swifter runiiers tlian w<*re their aneestors with their 
less reduced fiict, and a further advantugeous re- 
duction will d('pe)id only upon einnnnstanccs. The 
inward disiiosition towards this exists, liut I must 
heg the reader not to confound the simple word ‘dis- 
position ’ with tlie dangerous word ‘ tendency,’ the 
play-word of philoHoidutrs and one apt to haul over 
to the idea purj)OHe. if, after many thousands 
of yi'Ui’K, the foot of the Aim^rican Peccary and the 
Kur(>])eaii Hua should have lost every vestige of its 
si'cond and fifth toes, this would Ikj a i)C!rfecily iii- 
lelligihli^, nay, a most obvious case of liomfcogt'neiic 
convergemui. if, liowcjvcn*, our Pig and Pec;cary 
should no longer (ixist for tho xoologists of the 
future, they would most proliahly lU'gard the anti- 
cipated and distinctly two-tood feet of ])uth animals 
tis having hec-n inherited. 

This considiiration may now lead us to tho ques- 
tion as to thi'. primary forms of our living ^Siddcc. 
Tlu! genus is found only in the Old World, even 
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as fossils, and extends back as far as into the 
Middle Miocene. A powerful Boar is one of the 
numerous fauna found in Pikermi. Its discoverer, 
Gaudry, has given it the name of S. Erymanthius. 
The line is continued through the strata of the 
Eocene by tlie genus PaUcnclujcrufi and Chourothmiim, 
still with, or rather already with, a dentition of the 
Pig Rpocies, but still with less reduced, or, more 
correctly speaking, still with a full number of toes. 
Even Pahm'hwrm ttjpus from the Lowes’ Miocene of 
soutluirn Franco shows the characteristic tce.th of 
the genus Pig (Fig. 17) : on either side threci incisors, 
a good-sii^cjd canine (c), four premolars and tlire(i 
molars. A still earlier form of the tulxirculate*- 
toothed animal is Chnfrofhcriitm, whicli still has four 
toes almost e(iually developed. Th<^ * anccfstral line ’ 
of Primeval Pigs is thus (wident enough for those 
who choose to follow it, and is mort< distinct than 
many a human pcaligree. 

Among the cousins r)f this family wlio could luit 
maintain an cixistcmce., and whosts position is, in fact, 
somewhat doubtful, are. ChntnqmfamvH, and also tie*, 
colossal animal AjifJirncothrium, from the dual for- 
mation, which attained the sizti of a rhinoceros. 

Anuo’ica liluiwise pOHSt;sHed a line of pig-Hhap(‘d 
animals which may bo traced from the Eocem* up 
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to the iR’esent living Peccary, and, with the exception 
of a few species, is one different from that of the 
primordial world. In this series we find repeated 
the transformations and reductions which we have 
just followed. Marsh makes out the line from 
the Eocene thus: JEohyus, TIelohyus, Percluxirus, 
Tinohym, Dicolyles. Hence we still stand before 
the unanswered questions, whether, to what extent. 



Fio. 17.--raln‘oolia)i’UH typuH, Loft Upper Jaw. Nat. size. 
After Gaudry. 


and in wliich direction (from Europe westwards ? 
from Asia? or from America?) the exchange took 
place, as affecting the formation of the differences 
of the species ? or whether the development was a 
parallel one ; Chrnrojmtamm to the Pig, Kohjus to the 
Peccary? (Geologists are pretty well agreed that 
during the Earlier Tertiary period, up to the Lower 
Miocene, the Old and New World were connected by 
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land, and during the Later Tertiary as well. An 
exchange, therefore, may have taken place, and 
certainly must have taken place up to the Eocene 
period, as is proved hy the occurrence of Coryphodon 
in Europe and America, and of Paheotherium and 
Anoplotherium in Europe and South America. But 
for a long period, during the Miocene, there was no 
connection either ludween North and South America 
or between America and the Old World. Hence 
during this period there must, in any case, have 
been a further paralk‘1 development upon the same 
basis, a parallel de.velopment of Pair-hoofed animals 
with tuberculate ten^th, where the reduction of the 
toes, discussed abovti, was an advantagi' ; and the 
supposition of an (wcui wider case of convergence is 
p(!rfectly admissilde. f]-om a scientifn! point of view. 

2. niH nilTOI'OTAMTfS, OU UIVl'.U-lKIKHK. 

The Hippopotamus has to bo tratual back to a 
similar primary form, for it is tin; only living 
representative, of the. Hoofed aniinalH with tulau'- 
culate teeth which has preserv(‘d the old structnrii 
of the liinhs pretty well unchanged. Tlu^ still 
uncut, rootless cheek-tooth (Fig. IH) somewhat 
r(!SomhIes a doiildo mitre with a basal scdtiiig, wliie.h 
in front and at the hack passes ovt-r into a three- 
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sided shield, and has a wart-shaped protulieranee 
between the two halves both out and inside. Each 
half consists of two almost three-sided tubercles, 
which lie Hat against the inner sides that are 
turned towards one another. From this it is 
evident that the enamel outline of the used tooth 



IS. -Scf'.oud Lower Molar oE th« lUvor-lioi'Ho, lo the riglit. 
Nat. Hizo. 

(Fig. Ill) consists originally of two pairs, with the 
basal liiui of the tliixuj corners turned towards one 
anothtsr, and which do not eoalcstu; till tlu^y have 
been used fur a long time. 

The Hippopotamus lias become almost an 
amphibian in its mode of life; its skull and 

L 
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dentition show very little modification, and tlie 
formation of its foot has remained very faithful to 
the primary type from the Eocene, the lineal 
descendants of which, unfortunately, cannot ):ic 
pointed out Hint>'ly. The Eocene iinimals with 
tuberculate teeth, and likewise the Early Tertiary 
ancestors of the Ihiniinants, had to dwc‘11 prin- 



Euj. Uiijior Molar (tf ilia Hii»poiiotiuiiun, to tliu ri^'lil. 

Hut little worn olT. 


cipally in waters and on marshy ground. Their 
desccndantH adapted thcmselvttK gnidually to lik; 
on dry ground, and this is eoniuTted with tlie 
advantageous reduction of the toes. The lliiipopo- 
tamuH family has taken an opiiosih^ conrst^, from 
being an animal that likiul the. marshy soil of 
the primeval forests, it has heeomu almost an 
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aquatic creature, and accordingly lias preserved 
tlie conipletenesK of hand and foot, the four toes 
almost fully developed. In Fig. 20 we have the 
root and middle ]»ortion of the right fore-foot, and 
we will here use the terms generall}’’ given to this 
])art of the skeleton in Man and the higher 



]''m. aO. — HipitoiioUmuH, Kii'lil Pore-foot. After KowaloNvsky, 

vertehratoK : a {neaplwideum) == radUde ; I {Jiinainni) 
— intc.rmddUim : p {pip'umidtd/;) = idmrt; ; i {trnpa- 
zoidcjun) = i'arjxda 2 ; m (uiafjnnm. or ciipitntim) = 
(tarp(dr. B ; u {umdnatmn) = cfirp(dia 4 + 5. 

A one-toed hippopotamus in the natural course 
of development is an impossibility. The gradual 
reduction of the toes, as already said, can he con- 
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iiected only with the drying up of marshy lands. 
And if, by some extravagant flight of the imagina- 
tion, we could conceive the existence of a one-toLMi 
leviathan, the very fact of its possessing a f)ne-toed 
foot would be the cau.se of its speedy extinction. 
As regards dentition also the hippopotamus shows 
signs of Ijciiig geologically very old. The .skull of 
the unwieldy crciiiture reminds one of a tdinusily- 
formed box. The breadth and hcdglitof tln^ muzzle 
are iiroduced by the. enormous dtnailopment of the 
middle ineisfirs and of tin; canines. All of these 
teeth are furnished with roots that are not clostsl, 
hut open wide a, part. It is certainly md, imjiossihle 
that these tiu-th assiumsl this form first among llu- 
nearer ancestors of the river-horse. Hut it is more 
probable still that the di.sposition lo assume this 
form w'as a remote inheritama*, and that it was 
only by accommodating itsidf to feed on aipiatie 
plants that, as regards position ami size, the teeth 
have grown into such ugly hut useful tusks. 

It has been already slated that the riwa'-her.^e 
is the only rc'pn'sentutive of its family. This 
remark requires some ex]»lanation ; for we ha\e 
not only the well-known und so-calleil Nik'-horse, 
whidi is distributed over a large pHirtion of i-mitral 
Africa, hut there is a Hccoud species, only r> ftad 
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in length, which, among other things, is distin- 
guished by the remarkable shortness of the face as 
compared with the total length of the skull. This 
animal, which is met with in Siberia, has been 
classed apart from the hippopotamus as a distinct 
species under the name of Cluvroi^Ris, As, more- 
over, the dentition is not quite the same, this 
separation may be allowed to pass; but both 
species arc and remain ‘ river-horses,’ and all that 
has been said above applies to the smaller species 
as well. 

It is only quite recently that wo have become 
more intimately acquainted with a third species,' 
the IIip 2 ) 02 )(>tamns maiJcufaHeariamis, which, as re- 
gards size — it became some 7 feet long while the 
Nile horse attains 11 feet — lills the gap Ixjtweon 
the two African species, and as regards skull and 
dentition approaches V(!ry close to the HippopnU 
amus ampliihim. Its occurrence is extremely in- 
teresting, inasmuch as it leads from Africa over to 
Madagascar, where its remains were found in 
marshy deposits together with those of the colossal 
bird iKpyoruis. Its having been found in company 

' Goldberg, ‘ UndorHiigolmjr over on subfossil llodliost fra 
Madagascar,’ ChristUinia Vklenakabs sehkabs Forlutmllingar, 
IHS:}, No. (5. 
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with this bird, and the nature of the locality whore 
it was discovered, Justify the expression of ‘ sub- 
fossil ’ which is given to the species. It lived on 
the threshold lietw’oen the Diluvium and tlio Pj-e- 
sent. And even granting that Madagascar and 
Africa were at one time eoniu'eted by land, their 
separation must, nevertheU'ss, have taken place 
early in the Tcadiary, and accordingly the stability 
of tlui genus Hippopotamus is also proved from a 
geological point of view. It is not only the form- 
ation of tlu; foot that points to very ancient pri- 
mary forms to be looked for beyond the Tiadiary 
period; but the d«‘ntilion also — wliieh bad special- 
ised (iven bef(»re the se[)aratioii of tliu family iiilo 
tli(} African and tlu^ khidsigascar sia-cies — lias varied 
only to a very small extent. 

Ji. TIIM litJMlNANTIA, OU (‘in>-(au;WlNJi ANIMAr.S. 

After setting aside the, at pr(‘S(‘nt, wry subor- 
dinate group of pig-Hbap(;d Pair-lioofed animals, 
and the Ifippopotumus, all the remaining f(»rnis 
of this division lielong to the Ihniihiants. As all 
are, for the most part, lively and iiimbli^ animals, 
they do not, while grazing, hike iiro]ier time to 
masticate their food sufficiently, but huiTiedly stuff 
tlii'ir paunch full of provision and then rtdire to 
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Homo Hafo retreat, where they assist the digestive 
process ])y giving the grasses and leaves consumed 
a subsequent crunching and chewing. The Eumin- 
ants do not bite off the plants, hut tear them off, 
in doing which the tongue plays an important part 
as an organ for grasping, especially when long 
grasses and l)ranches have to be dealt with. In 
ibis merfs tearing off of grasses, &c., the incisors of 
the upper jaw can l)e dispensed with ; it may be 
said that with the development of meadow plants 
ainl pastures, these teeth have in course of time 
IxtctniK! superfluous. Only animals of the Camel 
Hp(a3i(!H show rudiments of the upper incisors, and 
in fiddition to this case, canines have been pre- 
served l)y the musk-deer. The crowns of the molars, 
as a rule, show two transverse ridges, and, moreover, 
th(! uppt-'r and lower molars lit in such a mEinner 
that tluiy c.an glide over one another from right to 
bd’i and also in a horizontal manner, as may be 
seen in any ox or sheep ‘ chewing the cud.’ This 
movement of cliewing is rendered possible by the 
condykj of tluj lowc'.r jaw not being sunk into a 
tranHV(;rse socket of the temporal bone, as in the 
cast! of the Carnivora, or into a furrow running 
paralhd with the axis of the skull so as to move 
Ijackwards and forwards, as in the Eodents, but by 
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being allowed free plfiy upon an almost level, or 
even a somewhat raised surface. 

All Eiimiiiants possess the above-mentioned 
typical molars with the enamel crescents running 
in the direction of the longitudinal axis of the 
skull, which, of course, present a very different ap- 
pearance — within the boundaries of the generic 
characteristics — ficcording to agcj and wear. Fig. 
21 shows an, as yet, uncut fourth right molar of 
a calf as seen from tlu*. front juid the iinuT side. 
It seems to consist of two almost quadrilateral 
prisms, botli terminating on tlie oute,!' and inner 
side, in two curved llai)s (a-i and o-/). All tlus 
HurfaccK, which pass over into various curves and 
folds, one within the other, and are lost in tlu’ interior 
of the tooth, consist of tlie, as yet, im])erfi‘(!t and 
still somewhat soft laycT of enamel. Jlelow it is 
the dentine, which is likewise just ))egiiining to 
develop, and round ahout in the de]>r<>sKions, between 
A and I and a-i, we tlml the incomings of tin* 
cement which is still a uieiuhraneous formation. 
Now, if we take this (uuljryo titolh and compare 
it with the imlished edgti of one. of the already cut 
front teeth (Fig. 21, ii), we shall at omu- obtain a 
clear idea of the relathni of the enamel folds and 
edges of the molar of a full-grown animal. 'I’lu- 
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transverse ridges, •which fit into the depressions or 
transverse valleys of the opposite row of teeth, 
remain throughout life, even though, at a later age, 
they may become more and more rubbed off and 
level. The crescents, which become filled with 
cement and are encased on the outside by enamel, 
on the inside by dentine (tooth-bone), a, i, a, i, are 



Fi«. 21. 


I. niRlit ui)|i(‘r inoliir nf a calf before it has out tlio pruins ; i, imior lililu ; 

.1, (f, the outer lobes of ciiaiuel ; i, i, the inner lobes. 

II. 'I’lin rlitlit niolur of a calf that liaa cut thu gums, urtiflcially grouuil; from 
bc'liiiid imil the ontur slilo. 

the transverse sections of the flaps of the same 
name ; n and h are the arched-shaped spaces which 
likewise become filled with cement, and were ob- 
viously larger in the thin-walled, uncut tooth. If 
we weigh the different possibilities of the folds of 
the outer walls, the form of the crescent, the develop- 
ment of the side folds and pillar-shaped processes. 
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we come to understand the great variety which dis- 
tinguishes the Selenodonts among one another, and 
which becomes all the more marked, the more ob- 
stinately the characteristic form is preserved. 

But since Kowalewsky’s classic works there can 
be no question that the peculiarities, connected with 
the reduction of the limbs, are testimonies at least 
as distinctive and trustworthy for the Present and 
the Past. 

The majority of the living Panninants arc divided 
into the large families of the Deer, the Antelopes, 
and the Oxen. The last two, as horned animals, 
are more closely allied to one anotlKjr than to the 
deer. The goats and sheep are closidy allied to 
the antelopes. Ai)art from all these we have the* 
Camels, to which wt! shall lirst dircset our atteiition, 
for, at least as regards dentition, they have pres- 
served a higher gciologicial antiquity than the others. 

4. TIIK eAMUUDiU, mi (JAMSI.H. 

When Piitimeyer calls the llama ‘ a latcj offslioot 
of thdidjocene Anoplotheriin, and as originating first 
in America,’ he gives a proof of the utter micer- 
taiiity whieh provaile-d about ten ye-ars ago as to 
the position and historical development of the two 
specicB which, since BulTou’s day, had Ikhui regarded 
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as Ijolonging to one another. Of the t^Yo species of 
camels the one with two humps is assigned to Cen- 
tral Asia ; the other has been distri])iited over a 
largo portion of Africa by Asiatic nomads, and 
represents a peculiar mode of life. The llama 
‘ vicariatt;H ’ for them. The hoofs are small, hut 
the foot has a broad horny sole ; the skeleton of 
the foot is that of a true Iluminant. The cameds 
diller from all the living Ituminants by the total 
absence of horns and by a fuller dentition ; for 
they nf)t only possess strong sharp canines, but an 
incisor in the mid jaw-bone, somewhat to the side. 
All the other ItuminantH, without exec'iotion, have- 
lost their upper incisors. On this account, and 
l)ecausc! of the superiicial resemhlaneo in the form 
of tile, skull with that of the horse, caiinds were 
formerly classed as a group standing midway Ins- 
tween the liorse-H and the two-hoofed animalH; this, 
howevisr, is an unwarraiitahle conji'cture. American 
investigators have, on the, other hand, now made 
ns acapiainte.d with a whole serius of primeval 
forms, acesording to which the camel appears to he 
a very old branch of the Sekmodonts. 

Marsh gives us the, result of his own and of 
Leidy’s observations thus : ‘ A most interesting 
line, that leading to the eamelfi and llamas, sepa- 
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rates from the primitive eelonodont branch in tlic 
E ocene probably through the genus Para incrij.v. In 
the Miocene, wo iiml in Pdibrotlieriuin and some 
nearly allied forms, unmistakable indicati(ms that 
the cameloid type of Ruminant had already })eeome 
partially speciiilised, although there is a complete 
series of incisor teeth, and the metapodial ])ones 
are distinct. In the Idioceiie tlie camel tribe (in 
America) was, m-xt to the horses, the most abun- 
dant of the larger mauniials. Tlie line is continued 
through the genus Pniraiiwhin, and ])erhapH others, 
and in this foruiutiou the iiunsors Jlrst begin to 
diminish and the metai)odials to unite. In Post- 
Tertiary we have atria*. Auehenia, represented liy 
several species, and others in South Ameriea., where) 
the alpacas and llanuis still survive. From tho 
Eocene, almost to the pr<‘setit time North Ami'i’ica 
has been tbe borne of vast numlH*rs of tbe (bimeluhe, 
and there can bo little doul»t iliat. they originated 
there and migrated to the Old WorUl.’ ‘ 

' Co]) 0 , in 1H77, a IuHit iutoounl itf tlnw. fijtiiiioiiR. Th(> 
Micicfiio I'd'.hrdthcHum pOKHiiHHfH of (.triinlfi'H /». t, in, S. The twu 
flongatud inctaiiudialH havo mtt ; iii-vi>ii tni'niiiH. Thc-n 

conicH VraMtihm ntill with p. 4, m. S ; tlie hu>t tueliir in iiiorit 
])riHiriiitic. Tlie inniaorH iiIho ari( rUU theie in full uuiiihor, hut 
fall (Hit r(>ii(lily. Vmumnlns ia tho fir«l tu hlmw iiu-iRtirH like 
our iireueiit oamol, yet Htill p. 4, m. Jl. The aide rudinu'iilu 
of the luetatarrialu of Pichrolhuriim havo diHinnieiU'Ctl, iKuiee the 
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Nothin" can well he said in opposition to this. 
Our illustration below (Pig. 22), gives the upper 



Eld. 22.-Aucht;niti hestorna. Second Molar of the Left Upper 
Jaw. Nat. size (after Loidy). 

molar of one, of those Diluvial llamas, the xi uchr.nia 
hi‘nU;ni((, in the natural sine. 

trapezoM. The incdatarmilH have coaloscod and heceiuo the 
‘ c’uuon-hoiie.’ Tlicn eoiiies I'liauchcnicb with cdieek- teeth, 

Uami'lHs, 'I ' ^ Aui‘.lic,ni(i ^ * 'K A more and more con- 

tiimouH delay in the formation of the teeth is ohHorvod ; the 
t(i(dh ((veiitually no longer cut the f'lnn, and iinally diaapiietir 
eomphdtfly, a proceaH which is repeated in many other liiuw, 
Th(! oeeutTfince of the Ihiina in South America hIiowh that the 
cauHdK whic.h led to itrt extinction in North Americja did not 
exist in the southern continent. 
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15 . THE OERVID.E. — DEER AND THEIR laNPKED FORMS. 

Eiitiincycr, in his ‘ Natural History of the Door,’ 
when speaking of the characteristic features that 
distinguish the various forms of door, iiuiiutaiiis 
that the antlers are periodical, and that they arci 
attributes conlincd to the males of the spocios. 
In looking for the relationship l»etweon the forms - 
principally in the female skull, as in the case of the 
Ihuninants — I k; iiuds the charach-r of tlui doei’ (iis 
compared with the antelopes and oxen) to consist 
in the very olongatod, almost cylindrical sluipe of 
the skull. This is causc:d l)y the gnuit bnigtli of 
the olfactory tu])e with a loss<-r height of tla* toothed 
portion of tho upper jaw. 'Phe skull is elongated 
and, as compaia'd wilh the facial jiart, is less 
voluminous than in the case, of the liorned animals; 
the brow is less of an abrupt inclim!, the axis (d the 
skull straight. Tlu; clmrae.ter of tla^ head of the. deer 
may, of course, be thus desc.rihed, find Hiitiine.yer 
has endeavoured also to char}i.(da;ris<^ the anb ‘lopes 
and oxen. Rtill, it cannot he denied that the 
antlers, nevertheless, play a very great part, a,nd 
that their existence is of decide.d imjiortama' in 
the classilicatifui of the deer. 

The common Hoe and Hud Boer fiirnisli us with 
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two exiLinplos of very different degrees of develop- 
iiieiifc in tlic antlers of single sx)ecies ; and by 
observing tlic animal clninges of the antlers we can, 
with almost certainty, trace the different stages 
attained by the various speanes with less fully 
dcveloxicul antlers. The first sign of the coming of 
the antlers in the calf, is a thickening and i)ro- 
tnuling of the frontal hone, the incomings of the 
p(!nuanoiit haH(i of tlui horn. Between it and 
tlui ui)j)er layer of skin are then formed the 
beginnings of the. a.('tual antlers — ossiiications of 
the. skill — whic.h soon (^oahiscu witli tin; frontal 
process, dry up after comi)leting their growth, and 
fall off nft(!r pairing time. The antlms of the. first 
year — the stem or beam — consist of a ])air of simiih? 
stumps with the circular ridge of honc! c.alkfd the 
burr, friu! folIoAving years furnish the branches or 
tyiies. 

This (levcdojuiu.-nt of the antlers in the, indivi- 
dual case, of the red dticr, liiitimeyi'r compares with 
the, antlers in the liistorical and geological HiU!(n«s- 
sion of stag-shapial animals, which in the Lower 
Miuetuie arc* still witliout antlers. In the Twiddle 
Miocene of Sansan and (luimburg, and in the 
UxipCii' Mioc.ene of Ei)pelsh(‘ini, we first meet with 
an animal that is almost, but still not complcrtoly, 
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a stag. Frontal iirotuberances very elongated, 



oatus. Loft autlor. 


beams with single brandies are 
there, but no burr (Fig. 23). 
Tlie genus has been described 
under various names, as Dicro- 
cerus, Prox, Procerviilus. The 
tynes are often found broken off, 
and it cannot be said with cer- 
tainty where accident ends, and 
the regular periodical casting off 
has begun. It would seem as if 
the casting had l)ecome estal)- 
lished from the irregular occur- 
rence — partly the drying up of 
the skin and the brittluiujss con- 
nected with this. 

Tliitimeyer o])serveB that it 
is difficult to distinguish the 
primary stags from the primary 
antelopes, and that perhaps the 
North American prong-horned 
antelope which, curiously enf)ugh, 
casts its horns annually, iTnistl)C 
traced back to those indtffmito 


Ono-hiilf nut. Kize. 


primary forms. 


Cope had made 


the same obBci’vation in 1877 when he w'rote : ‘ The 
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genus AnfUocapra is related, to the Dicrocerus by 
its pronged horns and the hairy covering of skin 
which constitutes the immature stage of the horn- 
sheath.’ The Procervulus mentioned above was a 
widely distributed genus in the Miocene period, as 
is proved by the discoveries in New Mexico and 
Nebraska. The genus Cenndus, which is dis- 
tributed over l)oth the Old and the New World in 
about eleven different species, must be regarded as 
a diluvial remnant of the genus Procervulus, by 
the side of the more modern family of the Deer, 
which show a further advance in the development 
of their antlers. The best known representative of 
the genus is the Muntjak {Cervulus muntjac) in 
India and the Sunda Islands. 

In the Deer, as in the ease of most of the living 
pair-toed animals, the two metatarsals which sup- 
port the two fully developed toes have coalesced 
into the so-called cannon-bone. Their limit is 
indicated by a more or less distinct longitudinal 
furrow on the front side, frequently also by a 
deeper indentation in the lower joint. We never 
meet with complete metatarsal bones for the two 
outer toes that are removed from the ground. The 
modifications which prevail in this respect, within 
the group, appear of very little importance and 

M 
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interest when considered hy themselves, hut when 
taken in connection with the geographical distrihu- 
tion of the animals, are of great signilicance. As 



A. T.t'ft foro'fodl, (if t)i(i Ill'll Itccr. /;. I’lil'i'-liiiit Ilf till' riiui!ti')i Umi . 
c, eiiniiiiii-liiiiii'; w, iiw-tnrin'inils ; j‘, iipiiiT |iliuliui>.'f . f'. I'.iitil f‘>« <if 
mill iiR'liiturmil btmiM of llii' (iclurin . AHit Knwiili'w .K>. 


examples of this we may take the r<;d deer and Urn 
common roe (Fig. 2'1). The rudimentary toes in 
])()th cases consist of three phalanges. In the red 
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tlcer tlie first of tliese is smaller than the other 
two, whereas in the roe the first one is of the pro- 
portionate size. Now this arises from the fact that 
the rudimentary diji^its of the deer have become 
entirely detached from the metacarpals, and that 
only the rudimentary upper end of it remains 
(a, »(). Tho roe still possesses the lower portion 
of this hone (i$, iu) and, moreover, in connection 
with the first phalange. The red deer is a ‘ plesio- 
mtdacavpal ’ cervide, tho common roe a ‘ tele-meta- 
carpal ’ cervide. All the thirty-nine known species 
of Cervidai, confined to the Old World, are con- 
stituted like the deer with the (‘xe(!ptiou of the two 
species of roe. and the hornless Ilijdrojiaic.H in 
China, witli wliich w'o liavc', only reccintly hcc.omo 
more intimately acquaink'd. d’lnisi^ threuj latiiu’ 
spetut^H, howev(!r, as ri‘gu.rds tlu? construction of 
foot, are allied to tlu( Annadcjm de(!r. Of tho 
twenty American s])eci((H with tele.-me.tacarpals, one, 
however, tlu^ Wajati (('V/vz/.v nintnlrmh), is not 
rzdated to the otlno's, hut to the Europe- Asiatic 
group. 

Jh’om the formation of the foot, therefore, WG 
find an almost perfect means for distinguishing the 
Hpecise. And this leads to tho very natural supposi- 
tion that the American door developed in the New 
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AVorld, and tlie Europc-AHiatic spccios in tliu Old. 
It is only the ancestors of the Boo and the Hydvo- 
potes that must not ho looked for in the Old World ; 
they are scattered memhers of the group from the 
other side of the ocean, like the Canadian species 
which, in the days when the two continents were 
connected hy land, separated entirely from their 
Enrope-Asiatic cousins. It is found in the (hun 
ternary strata of Europe, c.y. in those of Louv(>rne, 
near Le klans, where it lived as a s(!paratt! family 
hy the side of the rod dia-r, but soon aft<!rwards, 
for some unknown causes, vanished h’oni this 
locality and reappeared in the Nhnv World. 

The reduction of the side hics and tlie dis- 
appearance of tlui one or tin* other ends of fii(i 
inetacarpals took place after tlm still four-toeil liiitl 
geologically older stag-shaped animals hud aciiuireil 
antlers. This may have Isteii tin* e.ourse taln'ii 
by their development, unless we an* to assiinat 
that the antlers ai)pear(!d in dil'feriiiit localities as 
a parallel formation, yet not till after the sepa, ration 
of the older hornless lluminants, wlucli lilu-wise 
showed a reduction of the iiinhs spoken of aheve. 
The latter casi* is v<!ry prohaJtle, and must In* 
drawn into the circle of combinations, for in (h'hifus 
we lifive heeonie accpiaiiited with a very aiieient 
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Bimiiiiant of this kind, out of which hoth plcsio- 
metacarpals as well as tele-metaearpals forms mi^dit 
have developed. GdocuH is an adaptive species of 
Ilnminaiit from the Eocene. The skull as yet 
scarcely shows the (diaracter of the nimiiiaiit, Init 
the molars are already reduced to f; , whereas other 
genera of the sanu'. age show \ , The two principal 
mi'taiarsiils (h’ig. 24, iii, iv) have coalesced 
along almost their entire length ; the metatarsals 
of the sid('. toi^s hav(!, however, disappeared in tla; 
centre (Eig. 24, ii, v), an l only the lower and 
upper (‘lids remain (»/). Animals of this kind 
might hav(‘ descendants with feet of the Deer 
H])eeies, another with feet like the Iloi'. At all 
events, deer and roe, hfith of these well-known 
deiii/aais of our forests, have lieen strangers to one 
another from V(‘ry remote times, strangers as 
eom]il(‘te as the (laaiadiun stag (tlie Wapiti) is to 
all th(! other Americ.an ('(‘rvidai. 

An intermediate position hetw(‘en them is oceu- 
]tied by the. Elk and Ueindeer. Both an* circumpolar 
species, and l>oth, us regards constriietion of the 
foot“-"US tele-nu;tncarpal species — are allic‘d to the 
deer of the New World, the reindet'r, moreover, hy 
the form of the nasal cavity. Our material is at 
present too fragmentary to enable us clearly to 
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survey both sides- But all of these observations, 
which we owe principally to Sir Victor Brooke,* 
confirm Eiitimeyer’s remark that the form and 
development of the antlers can only very cautiously 
be made use of as a means for a strict classification 
of the CervidtB. 

Even though animals with antlers are met with 
as early as the Miocene, still the more complete 
development of true Deer belongs to very recent 
periods, and this explains their geographical dis- 
tribution in the main. In addition to the circum- 
polar reindeer and elk, liiitimcyer, agreeing with 
Brooke, reckons twenty species to America and 
thirty-nine to the Old World, many of which ar(! 
certainly doubtful. An exchange l)otwecn East 
and West seems evident, and yet, as ■we have seim, 
it was extremely limited. The remarkabhi w'ant of 
deer in Africa beyond the desert, would have to lui 
explained, with Wallace, by the fact that there must 
have existed obstacles almost inHurmountal)lo to 
the animals when they first began to distributes ; 
on the other hand, antelopes and oven giraffes 
had either already passed the open road south- 
wards, or, owing to their organisation, had gra- 

I Brooke/' On tho Claasilicatiou of tlio Covvklai,’ Vroc. Xaal. 
Soo. 1878. 
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dually overcome the difficulties presented hy the 
desert. 

Zoologists have always classed the Musk Deer 
and the Dwarf Musk Deer {Tmrfididai) with the true 
stags, although they are hornless animals. In 
doing this they have allowed themselves to be led 
by the general impression that the possession of 
antlers is not determinative of the relationship ; 
this had already been affirmed by Alphonse Milne- 
Edwards in 1HG4, and has been proved by their 
connection to the fossil forms that have now been 
brought to light. Prom these annexed groups the 
aquatieus, which lives on the wtist 
coast of Africa, is of great importance as the con- 
necting link between the present and the rdmote 
past. Onr Pigure 25, a, gives the left fore-foot of 
this animal. Jlijcemosclim is also a decidcal two- 
hoofed animal, althoiigli the two middle inetacarpals 
(ni, tv) are entirely separate, and although the 
two outer inetacarpals (ii, v) are perfectly com- 
plete and the Wo lateral toes are developed and 
connected. Hifaimosclms thus proves itself an 
adaptive form, inasmuch as the two toes that are 
no longer of use have ceded tluur right to the 
tarsals, to the princijial toes, and thus increased the 
strength of the latter. The skeleton of the fore- 
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25, b). There both outer toes are still somewhat 
longer and stronger. Trapezoid and os magnum 
have not yet coalesced ; the metacarpals ii and v 
are still connected with the carpals. Upon the whole, 
however, the differences between the living and the 
Miocene representatives of the pair-hoofed group 
arc so slight that Hijaiinoschtis may he called a 
surviving form of indmary ruminant. 

The hind limbs of the lliju'inoiichus are more 
changed than the front limbs, owing to the two 
principal metatarsals having almost completely 
coalesced. A greater reduction of the hind limbs 
is ofttiii met with : for instance, the peccary has 
only one rudimentary toe on its back foot, whereas 
there art; two on thci fore-foot. This difference in 
the construction of the front and back limbs is, we 
think, to ’b(! cixplained ]jy the greater amount of 
work which the hind' legs have to accomplish; for, 
as was said aliove, we look upon a reduction of this 
kind as an advance in tlie power of the adaptation. 
But, while we are naturally led laick from our 
present Beer and Traguliduj to those early four- 
toed Hyopotamidjo, we do not in any way mean to 
affirm that up to the Middle Tertiary all animals of 
the lluminant group without horns or antlers 
possessed the full number of four toes. On the 
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contrary, it is found that the Anoplothoriuni from 
the Eocene of the Paris limesUniC!, which has left 
no descendants, Kho\v.s Hcarcely any traces of tlui 
second and fifth toc.s ; and i)}’ tlui side of tiie 
Ryo^jotimus, witfi four-toed feet, tlu‘re existed tiie 
distinctly two-toed Oalormt,^ whoso extremities ar(^ 
almost as much reduced as tlie Deer ; and tla; same 
is the case with Jiiplopiia. It would l)e rush to 
attempt to det(;ruiino, amou^ all tlujHO varitul forms, 
which was tluj actual and delinitt; i>rimary form for 
tho Decu’ or any otlau* living ^rouji of thc! llumi- 
nauts ; still, any attempt to i'.xjilaiii the. striking' 
relation laitwc'en the pa,st*,md ju’esejit fornas, otJier- 
wise than l)y means of tiie theory of descent and 
in accordance with Darwin's )iriuei[)li,', cannot ke 
expected from us. Tlie sliare whicdi homtoo^mietii^ 
approximation may have taken in this ('.oniKtciitm 
has already Ikk'H di.se usst-d. 

The HUTiU! riisuli i.s ohtaiued hy the coudition of 
the teetli; and, a.s in the eas<! of the limh.s, the 
teeth must not ho examhuid iu the Deer hy tliem- 
selvtis, the whole group of iluminauts must, lir.st 
of all, ])() eomparud with tlu^ fossil Innas. 

Among our living Hoofed animals tluf Hirnire 

' Eilhol, ‘ MtuiuiiifiVnH ftwHiU»« do Hoir/.mi, 1HH2,’ <U‘hnnx,, 
AncDiluH, ami otherH ; their ltduthn to ilyitiiuUcmm, 
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oct'iipifS it porfoc-tly isolated position. Apart from 
its stranjJie shape — the result of a leni;'theiiing of the 
verti'hru' of tlu; neck— and of the different lengths 
of its for(! and hind liin]>s, descriptive zoology 
has very rightly laid stress upon the frontal deco- 
rations whi(di ‘adorn Ijoth se.ves, and which have 
l)e(!n said to In* neitlna- liorns nor antlers. The 
two horn-like unhriuiched protuberances are 
(*o\ered with a hairy skin which never dries up as 
in llu' ease of the de(*r, and hence they do not fall 
olV ])eriodi(ailly. Tln'se Kkin-coV(!red hony protuber- 
ances cannot, however, he com2)ared to the bony 
l)rotulH‘ranceH of tin* Oxen, as might l)e suiiposed, 
that is, to till* 2)roeesKes of tin; frontal hone covei’ed 
by the horn slu'atli. On the. contrary, like the 
antlers ^U’nper, they hegin as ossilications of the 
skin, and grow prtfcisely in the same manin'r as 
antlers, but nevtu’ hee.ouu; jawfecily attached to tlu! 
frontal bone. In order hrietly to distinguish tin; 
charaidrer of tlu; formations it may be said that — 

llollow-horinal animals have fnmtal processes 
without antlers, 

Tin; l)t;i‘r lU'ocesse.s with antlers, 

Tin* (liralTes anihtrs without procctsses. 

Hence lU’itimeyer calls tlu; giralfes ‘ a most fantastic 
form of deer.’ 
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Like the lions and gazelles, the giraires of 
Africa are probably iniinigrants from the Houth of 
Europe. Among the Mammalia buried at Likermi 
is a species, Camdoparthilh aitir.n, almost the same 
size as the African variety. Unfortunately its skull 
is not known. Tlie disproportion between the 
hind and fore limbs st;enis to have ]>een even 
greater in the fossil Hp(j(;ies. Eurtlier traces lead 
ns to th(j Siwalik lulls in India. Nunieroiis ri'- 
mains have enabled (laiulry t(t restore; the eoni- 
plete skeleton of a gt'uus closely alliefl to the 
giraffe —tlu; //WW(///o';7/n/e-'\vbieh lived in herds 
in Miocene A.tiea, and owing to their great size 
must have beun eliuraideristic tigures in the hind- 
scape of the primeval world. 

it was ciisionuiry to class with the above the 
colossal Indian Sirnflirriiim, which possessed a pair 
of simple, horns in front, and a second liranched 
pair. And yet our conjcidurcK with regard to its 
atlinity with the (HralTe are nncertain, ami Kitti- 
m(;yer thinks that tlu* Sinithcriinn ])otntM as much 
to the Antelopes, as tlu; (liraffes to tin; Ucer. Our 
knowledge of two other Jndiuii species, the JhuniKt- 
thv.niiiii and Iliiihispithmum, is us yet so fragmen- 
tary that it is wiser not to make miy conjecture 
as to tlieir relationship. 
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The Giraffes stand close to the Deer, not because 
they have In’iinched off from the deer, but because 
the milviiown ancestors on both sides showed a 
disposition to certain reductions and convergences 
of a similar kind. 

(). CAVICOKNIA, HOLLOW HOUNKI) ANIMALS. — ANTELOI’E.S 
AND OXEN. 

Th(i horned Euminants, which are grouped 
round tlu! Chamois, Sheep, and Oxen — and hence 
fiu'iiislu^d with horn-cores rising from the frontal 
bones, and a horn sheath — would appear to any- 
one to form a natural group. And even those who 
have not studied the suhj(‘ct would undertake to 
distinguish a Gazelle, as the representative of the 
Antelopes, from tin ( )x. The gracefulness of its whole 
iipptjtirauce, more particularly of the horns, the 
smallness of thij hetid, the slender shape of the l(?gs, 
sliarply disLinguish the Antelopes from the Oxen, 
whose liorns sitind sit the outermost point of the 
brow, whoH(! skull is unwieldy in form, tind wlioBO 
legs (in ketiping with tlui rest of the skeleton) are 
anything but grticeful. However, when we examine 
tlu! dilfiirmit families in any good collection, wc 
shall laid that hy the side of tlu' prevailing typo 
(d th(! slim antelope, there are vaidoua kinds of 
cow-shaped forms, with head and limbs in no way 
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resembling the Gazelles, yet almost all with horns 
strikingly different from those of Oxen. Finally, 
the gnu completely breaks down any systeinatie 
bonndary, for by the form of its hindqnarttirs and 
tail it resembles the horse. And into this group 
sheep and goat have to lie. brought. Wc; ean, it 
is true, distinguish them among one another by 
the characteristic traits of the family ; for instaiuag 
by the peculiar form of th(! skull, 'riie rmn, owing 
to th(! form and solidity of tlie nasal, lachrymal, 
and frontal bones, is able to give and to n-eeive 
those treiiK'iidous blows of foiahtaul against fore- 
head which would Inaiak the skull of the, mabs 
goat, lint theiai are. sliei*}) witb goat-1ik(! liorns ; 
and an animal Hint is clearly a. sbee]) from the 
form of its skull has u]) to within n-eent tinu‘s 
been called the musk ox. 

These reseniblanees — it may jiositively be as- 
serted— do not ])roceed from r<'e<'iit derivation or 
eroKsings, but must bt: traced liaek— f'XtH-pt in tlu' 
ease of the closely allied Slieeji and Goats •--to con- 
vergences. Moreover, the Antelojx'S - the most 
varied group of the living Uuuiimints luw' not 
Ijcon HO carcdully HtudicMl hi c.onn(>etlon witli tlun'r 
nearest fossil relative's as the Oxtm.' 

' lliitiaicynr'H valuiilili! iiivcHtiKtitionw tif lliiH f’nmit niuy lu-ri* 
lic mcutiuiicd. 
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animal belonging to the genus Bna (Fig. 20). H(!re 
the parietals arc pushed completely Inick from the 
top, or all but a small portion, to tlu; abrupt 
incline at the Ijack of the head, brom a fiont 
view, or looked at from above, they cannot 1 k‘ 
seen at all. On the other hand, the frontal 
i)one,s (Pig. 20) form great plate- shaped coxv.r- 



K](i. 517 . -Hkiill the (hizcllc {Anl»*ltti*f 

.t, J'urii'tiil ;/, fi'iiiit.1,1 liiiu*-: r, luiil jit .Omni-. 


ings to the forehead, and tlm ]>ony ))rocess<‘K rise 
upon their outer <!dge. As compared with the 
skull of an anhdope (Fig. 27), tlu! skull of our 
domestic ox lias reached tht; extreme f)f a formation 
wdiich is still repeahal pretty j»i*rfectly in the 
individual development of the calf to the cow. It 
consists in this : that in the calf the skull is still 
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roundnd, the frontiil part is not, as yet, elongated, 
and the crown portion still forms actually a part of 
the upper covering of the skull. Only upon the 
appearances of the horn-cores and the lengthening 
of the frontal hones do we lind the first indication 
of tlie abrupt rising up of the main bacdc wall. 
The calf is therefore still antelope-shaped o.s 
regards the formation of its skull, as is shown in 
Fig. wluu-e the whole length of the parietal 
boiK-.K are. still to he seen from above, and the horn- 
cor(is do imt occupy the backmost or outermost 
(u)nuu' of the. frontal bones. Sheep and goats also 
keep within the boundary of tbis type of the Ante- 
lopti family. (lalf and cow, therefore, again corro 
horabi the. most important proposition of our doc- 
trine of di‘SC(uit : that the. individual development 
is an abridged reptitition of the liisioi’ical develop- 
nuiiit of the six^e.ies. 

On tile a.ce.ompanymg table of Jtutimeyer’s w<^ 
have the sub-families of the Oxen classed according 
to till! form of their skulls. It begins with the 
bullaloes, wliicb, as regards skull and the position 
of their horns, have deviated least from the Ante- 
lojX'H, and e.losi'S with the domestie ox, which has 
(UlTerentiate.d the most. We gather from this 
table— which contains the quintessence of all the 

N 
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Tabblaii View of tiik Fossil anh Living Oxen 
(after lU'TIMEVElt). 



Mif>LM'iic V 

I’lioci'iii* 

VlcirtOflllO 

Living' 

I, Buhalina 



calTcr 

Bubalus 


antiqmis 

bnuthycoros 

Bul'fclus 


sivnlcnsis 

iiidicus (iloiucslif 
ox) 

Hoiulaions 



Pallasii 


ProlnibaluH 


triiiuotri- 




roslris 

(Anoa) (!flt'lK‘iisiH 



anteloiiiims 

Ainphibos 

nculifoniiis 



]I. Purtadna 




Lc'ptobos 

Faliionr-ri 




StnizEi 

Frazeri 


in. Jh'hiiviiui 




Bibos 

ctniBoiis 

I’ulll'il- 

(iiUini'i 




1 V < iuVICllH 1 

wmiiiuciui 1 

i indioiis | 

i ^'niiinioiis (Yak) j 

lY. Bimiila 




Bison 

sivalonHis 

])ris<!us 

oimipiouH 



llltifl'tlUH 

! niiici'ioaiius 

V. Taurbut 


i 


Bos 

planifroiiH 

iia)im*lii‘U‘< 
liriiiiiKoniiiH j 

1 ! 

taiivus f. priiiu- j 

(.:l■lliu^ 

■ f, i,r(ic.luu:criiH I 


invostigationH rnaclo on the, our liuow- 

Icdgc is Htill moagro onougli, iiuinmiu-li hk at tiu! 
Pliocene ntagc — whores true oxen Jire ih’Kt met with 
—wo already IIikI, the tmiiHition iVoni the hnifnlo 
to the ox ill its narrower wenKo. The diil'ertiii 
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European oxen * have all, perhaps, to be trtaced hack 
to the Diluvial Uruft, or wkl bull {Bos pri mi genius), 
and the races which branched off as early as the 
Diluvial period.^ If, in accordance with the aljove 
standpoints, the skull of the domestic ox, of the bison, 
the yak, and the Indo-European buffalo, be com- 
pared with that of the antelope, it will be found that 
the reBomlthince to the antedope will become more 
and more a])parent. Thus the bison (Fig. 28) is 
still so like the ox that, as we shall see, it might 
be doubted whe.tlu'r one of our races, the Dux 
cattle of Eastern Tyrol, is to lie traced buck to the 
wild bull or to the bison. On the other hand, the 
Anon of (jclclxjK, whicdi llutimeyer calls the ProhH~ 
hnliis evJeitnms, is indeed still an ox in all its out- 
ward (diariicteristicH (‘the dwarf of tins ox family ’)> 
but is a compI(!t(! ant(‘lopo as rega.rds the position 
of its frontal and parietal bones (Fig. 29). This 
agiTuanc'iit in the. outward parts must scientiiically 

' 'I'hd tlii’i'f! iiKJHt iini)orlaiit racoH of oxen wliich have to be 
tniccil back to Bos yrimiijCHiiin are : 

BnuihyceroH nuu) . . . AiijxinKoll cattle | 

I'riiniHcniuH race . . . Holland cattle { 

ErontoHiiH rac(! .... Dci’n cattle 

- A ffoocl Biirvcy of the invcHtinationH and <ji)inic)ns as to the 
origin of the. doincHtic ox jh given in Kriihling’H handioirth- 
schnftlichr.r P^dtunfj, Eeb. 1H7H; PagenHt(5cilu!r, Hhulien etm 
Vrsiminij des liindcs. 
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antlered from the horned animals is met with first 
in the Miocene, or, in other words, that deer and 
antelopes are difficnlt to distinguish before that 
period. Later \vc have the branching off of the 
oxen, but wo cannot closely define the point of 



H, ritriftiil-i ; iriiutiit bone. 


attachment. Tn the Lower Miocene and Eocene, 
the liutninantH arc; reproHented by distinctly pair- 
hoofed and crescentic-toothed animals, which, 
although absolutely without horn- cores on the 
frontal bones, are distinguished by a very full 
dentition without gaps, some being without the 



1S2 


THE :VIAMMALIA. 


prominent canine teeth which serve the others as 
weapons. An early Seleiiodont (eroseentic-toothed) 
animal of this kind for the primeval pair -hoofed 
gronp — one whicli, like the Jlt/oj^nfiuiuis, does not 
l)elong distinctly to any special type— is the genus 
('ainufheriiim, an animal of the most graceful shape ; 
we have i)ro])al)ly a correct picture of its apptiar- 
ance in the living dwa.rf luusk-animals (Fig. 80). 
Tliat Cniiiiitlii'riinii and its relatives, (uj. Xiplio- 
don, Xiiihtithmfhoruiin, were .Ruminants, cannot be 
doubled from tint positifin a.iul nature of tlu^ 
tranversii ridgi's of tlu-ir mobirs, also from the 
character of the joints of tlu! jaw upon which 
depends the peculiar action of tlie grind(U’s. The 

dental formula! is i c j) in and in most 

spechuens they stand inclosed rows in both jaws. 
Now our pr(!K(!nt hollow-horiuid animals have no 
incisors in tlu! upp<‘r jaw, and no canines either in 
tlu! upper or loW(!r jaw, and, inoreovtir, they occur 
in the upper jaw only in sonu! Hp<'cieH of deer. Tlu; 
dimimition of tlie teeth- a very general pheno- 
m(!Uon--nnist, therefore, hav(! tiikeii pla(!e gradu- 
ally in the course of ages. How anil wlutii this 
oe.curred, FilhoP has very cUairly pointed out with 


* Coiiiliiirc ti. (i4, imti! 2. 
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inrj 

rc.^poct to the jihove-mentionod aniinaln. The 
CUnnothcrut, to judge from the quantities of their 
romaiiiH, must have livttd in herds after the 
manner of tlie Antelopes ; heneo liundredH of skulls 
and thousands of lower jaws could he compared, 
further, an extraordinary xariability was found 



;U).- -Skull uf Caiuothi-viuiit laetoiuas. Nat. nizo ^uUisr 
Eilhol). 


in tlui canine tooth (Ifig. IK), c), and in the front 
premolai’H. 'J’he normal row of tethh, he, the. teeth 
inherited from early times, begins to show gaps ; 
a HUiall gap occurs Ijotwtien the (auiine and tluj 
first pr<!niolar ; the latter then moves towards tlie 
canine ; friupiently the scuiond premolar follows ; 
hath thus oliviously become useless, and the next 
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stage is their total tlisappearancc. Fiirtlier, \vc 
then see indications of the brow weapons, in 
correlation with the loss of the c.a.nin(!S. Filhol 
here reminds ns of tlio prf)position exprcissed 
even by Aristotle, and forniiilabid again at tlic! 
beginning of this century by Etienne (ref)lTroy St. 
Hilaire with regard to tin; luiliMieing of the organs 
[hahmt'v.mcnt c/es o/v/uaos'). With the loss ot tlui 
front preinolars, the. permaiK'iit molars becoiiK* 
niore regularly dcvelnpe<l, and it is thus that the 
now typical ruminaiit jaw has been fiirtluu’ and 
farther d(3veloped ; the ancient fnnii- -owing to 
complete rows of teeth and the more marlo'd 
canines-- still, in some measure, n seinhled the 
jaw of th(! Oninivora and tin* Ihinodoiits (aninuil 
with tuhercidale te(4h). 

From Filhol's observaiious wt^ find that Ibis 
process of the gratiual formation ami the Iking of 
the ga]) in the (Uoitition (tf tlni llumimtnts has 
reptnited itself—that, at first, individual motliliea- 
tions heeanie estahlished by inheritance, and I«‘<1 
to the fonuiition of races. And altliougb we 
cannot, in every instance, trace tin* given advan- 
tages connected with the modilications, and that 
led to the selection, still, as was shown above, wi* 
have some idea, as well as some explanation, of 
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the advantages, and they account for the gradual 
disappearance of the primary groups and for the 
origin of new species. 

In America we find the same circumstances. 
Antelopes and oxen have, it is true, decreased in 
a remarkable manner among the i^resent American 
fauna, but the abundance of the fossil forms is so 
great that we can scarcely find fault with the 
patriotism of the American naturalists, when we 
find them, in this case also, claiming their country 
to have been the cradle of this group of Hoofed 
animals. Of purely American types we will name 
only the very numerous family of the Oreodonta, 
which eom])ines traits of the pig-shaped pair- 
hoofed, or thick-Bkiiiued animals, i.e. the large 
caninoH as weapons, and molars of the ruminant 
typo. They were so numerous in the M iddle Eocene 
that one stratum has been called after thorn, and, 
tog(3tht!i- with this force of nimihers, they show 
that tendency to diirerontiato into races and 
species which seems to he characteristic of pri- 
mary forms. 

Although America was rich in the still indefinite 
precursors of our present liuminants, it has re- 
mained ahsolutcdy unproductive as regards Oxen. 
Eor oven the Jliliivial ancestor of the North Ameri- 
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can bison might be (lispiited as belonging to Ameri(!a. 
This naturally touches upon cxtrtimoly important 
l)oints in anthropology and tlie history of civilisa- 
tion, particularly in connection with the other cir- 
cumstance that the line of horses was l)roken oil' 
preciscl}^ at the point where the American ]\ran lirst 
appeared on the scene; and moreover when he, was 
still in HO rude and liclpless a state, that he c.ould 
not have brought eithi-r one or the other of his 
fellow-workers with him from his Asiatic honu), to 
aid him in his further iulvaiice in civilisation. 
Hence the siiiui! plieiionnmon, jis was shown above 
to liavci occum*d in Australia., lias bi-en repeated 
here, evtui though in a less striking manner, i'lveii 
at the beginning of onr <*eniury, hull’aloes {liimm 
iiuirrininiiH) c.rossing tlu! jirairhfs were to hecounh’ii 
hy hundreds of thousands. Nhithlng points h) the 
fact that tlu! American ainwigines ever iiuuU* any 
attempt to tame these wild creatures. It would 
seem rather that throughout the whole of North 
America the Indian was, in a manner, chained to 
the biilfalo, and that from year to year ht; had to 
pass from oinj pasture to another with the animal. 
Jh'iice it was impossible that the higher civilisation 
of a settled life could take the. plactt of a huntsman*, s 
car('er. Only thost; tribes wliich wandered from 
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tlici north southwards, to central and to one part of 
South America, could attain any comparatively high 
development of civil life ; and this was owing to the 
more favourable climatic circumstances, and to 
various species of llamas having been made use of 
as domestic animals. 

The introduction of oxen and of horses from 
Europe was the beghmiug of the end of the Ameri- 
can l)ison. The bison has found its biographer in 
1‘rofessoi’ Allen,* who has clearly pointed out its 
relation to the Diluviiil races; and as regards this 
ri-lation Allen ariives at a somewhat different eou- 
chision to what Ihitimoytir''^ docs. The oarlujst form 
is the gigantic liinttn lalij'rom from the lliluviul stratii 
of North America, where also are found tlu'. romains 
of mastodon, niegalonyx, mylodon, and others. It 
produced species (races?) not very dillerent from 
one another, the lihon (nitiquiiH of the New AVorld, 
and th(^ IL ])nxcii!t of the Old AYorld. Thi; hitter 
is the in'ogenitor of the I'hirope- Asiatic urns or 
wild bull ; the /h'ww (tnliqitiin, whie.li lived coiitem- 
poraiieoiisly with the pninifirniax, is the 

progenitor of the Jimui (iDtcriruniiH. 

It is very probable, as already remarked, tliat 

* Allen, The Aiiwrican Bimn, Oamlnitlyt!, Mush,, 1S7U, 

® bo(i above, p. 17S. 
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tlie original inliabitants of America did not make 
any attempts to tame the buffalo. At all events, 
they did not succeed in doing so. Very different 
have been the results of the attempts of the Euro- 
pean immigrants, who liave repeatedly beem engaged 
in this task since the middle of last century. Tlu'y 
have succeeded pretty easily in obtaining a cross 
between the wild and the domestic animal, hy 
allowing the captured young ones to grow up in the 
herd; and it seems ctadaiii that this will ])roduce 
a strong cross-breed. A Mr. Tlioiuitsoii, w'ho, ac- 
cording to Allen, had watcluid tlie, uittatijffs at 
domestication of tin', unniixed species during lifty 
years, luis expressed his conviction that the iiiiiinai 
is capable of being enii»loyed for wt»rk as woll as 
for yielding milk, while, the earlier attempts at cross- 
breeding were made, principally with a view to the 
horns and skhis of the animals. 

Under these circumstanccH, it seems natural that 
the (jueHtion slnmld aristi as to whether one or the 
other race of the European ox must not he tracisl 
hack to the bison. All those who have caiud’nlly 
studied the ipiestion declare the bison to be unfit 
for donu'stication, and have rifferred all tlu^ diffeiaait 
rae<'S of the domestic ox™ with tlu^ exe(‘pi]on of 
the ya,k — to the genus Bob distinguished hy the 



TUB ODD-HOOFED ANIMALS. 


189 


charaeteristic formation of the forehead. Wilekeus 
alone* has drawn attention to the resemblance 
between the slmll of the short-headed cattle of 
Eastern Tyrol (Dux) and that of the bison, and 
thinks that further investigations would furnish a 
complete proof for this derivation. 

Vr.rmndactijla, or Odd-hoofed Animals. 

The Odd-hoofed animals are at present repre- 
sented by three groups: Tapir, Rhinoceros, and 
Horse, all of which are poor in species. The re- 
duction in the fore and hind-foot has advanced 
furthest in the horse ; the middle toe, owing to the 
complete disappearance of the others, has become 
the. sol<! support for the weight of the body. There 
(’xist only tlu? nnu'o rudiments of the metatarsals 
of the HO(iond and fourth toe. The tapir comes 
first with four toes on the fore-foot, and three on 
the hind-foot; the rhinoceros has three toes on 
both th<! fore and the hind limbs, and both these 
groups have preserved very ancient characteristic 
features. But in spite of its transformation having 
advaiic.ed so far, no other mammal of the present 

' Wilclct'UR, ‘ IJebor diti Schiklclknoclion dcs RinUea aus den 
Pfahlliautnn des Laibacher Moores, 1877 ’ {Cunmicnicaiions to 
the AnlUvo}n)h(}ical Society of Vienna). 
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(lay can show as dis-tinet or regular a pedigree as 
tlie horse. By means of the accjoinpanying table 
•SVG •Nvill endeavour to solve our problem. The con- 
ntMitions are, upon the whole, so simjde and clear 
that, although paheoiitologists may differ in the 
explanation of the relationships, these differences 
refer merely to Hul>ordh]ate points. 

Tat\lk HtinwiNn Tur. Connkction hktwkhn tiik Oue-iiooi'Kij Animaj.s. 
PmnU. Time Ta]iir Jlhmoceroti Horne 

Hiltmiun EluHniothfriuiu riioliippus' 

I Hippavioii I’rotohippiis 

Ac;<‘nitlu:riuin Ancliilliorium Mioliip]mH 
Miiicrnr. MoHohippus 

I’lila-ollinvium ininl. OrnhiitimH 
Lnpliititlftn “f- Piilii'dlhM'iuin Euliiiipun 

KiH'enii rul«'(>lh(‘vi<ln' (four imtl l,hvf«> tdcd) 

Anli-Eti(!iiu(f animals 

‘ Aiiii-rUiiiii line of Iiih'M' i, 


1. TAI’IU AND uiUNnesues. 

Of Tapirs we- have two or perhaps thri'Ci spedes 
in Houth America, and oiu^ iii India. Tludr 
favourite, liaunts an; moist forests. 'J'lulr dentition 
is ViU'y eomple.t(‘. in s])ite of a c.onHiderahle gap 
hetwetm the eauim's and molars, d'he dtaital for- 

, . . 1 4 . B 

imila, IK : ^ .p }j jp 
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Tlio iiiL'isoi’S aii<l eaiiino arc, as usual, not 
of any special form or coiistructioii, ■\vlioreus the 
eheok-tcoth sliow a very jioeiiliar type l»y tlio 
marked cliara(;tcr of two transvcr.-.»‘ rid^i-s, the tops 
of which, l)f>th inside and oulsido, become tolerably 
sharp tubercles Jhi). The rid<;es of the upper 

teeth arc situated on tht> front and in the middle 



I'To, :u. Skull <tf iRe Ttipir (Tui»iruH Khu rifunii^.). 

?/, Nil' iiHttnif ; /, loiii;, wiiIl flu' t'HWf ic ■, 


of the crown ; they lit into the p;rooves of llie lower 
molars, where the hack ridi^^e rises from the hack 
wall of th(‘ tooth. Tlie f'rindinij: nnn'enient peculiar 
totlu! liuminants can he ncconiplislHul liy the tapirs 
only in a very slii^ht measure; on the other hand, 
their tetdh are. specially athi]»ted for crushing ve^a- 
tahle Huhstances, whhdi can also he roughly cut by 
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the filiarp ridges of the crowns of their tooth. 
Altliongh the fore-foot of the tapir possesses four 
perfect toes, still, from an examination of tlie 
Hlceletoii of the foot, it hecomea evident at once that 
the second toe from the inner si<le, corresponding 
with tlie middle toe of the fiv(!-toed liml), is more 
strongly developed than the rest, and that it stands 
ill that pi'cnliar position whicli we have shown to 


,r 



A a 


Fut. 112, HuHv Molar <•{ ihi; liojiliitMlun itanHiciirtih, un ih(< litft 
fnnii Iit<l()\v. 

.1, II. I'rtiiil liii'l li'wl. fiuti r j. fpuil, uml luu-k iiiiii'r tiiln'Vi'lc, 

he thii distinguishing feature in the Odd-hoofed 
miiunilH. A five-toed genus with the middle toe in 
this position lias, as we have seen, been iireserve-d 
in the i'ltriiphxhm from tlie Mocene fonuation. 
Now, as the lowest known tapir-slaqu'd animals 
possess at most four toes, tin* unknown iiriniary 
forms must, of course, he looki'd for in the secon- 
ilary divisions. The tapir, in addition to having 
lost tln‘ inner toe, has also lost the liftli toe; this 
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is another instance of the law laid down on p. 169, 
that the hind extremities are more readily and 
more fre(p;ently reduced than the fore limbs. 

In the tapir we have an animal from the Early 
Tei’tiary ptaiod that has remained almost wholly 
unclian<fed, one of those species which have been 
called permanent, and which are more frequently 
met with in the lower animal world. They do not 
prove the invariability of the species, but prove 
only that under ccu'tain circumstances the stability 
of the Kpt.'cieH can hoof an extremely long duration. 
In till' Miocene the genus is represented by several 
good Hpeeies. In the Middle Eocene, we have in its 
place th(! Li/jthiodo)!, which is characterised by a 
still grcatcT simplicity of the ridges of the teeth, 
and, as regards appearance generally, may have 
b(!cii S(;arcc'ly distingiiishable from the tapir. The 
European Lophiodoiits naturally, in the first place, 
h'ad ovtii’ to the Indian caparisoned tapir. The 
American auccsstral lino of the tapirs is more com- 
pl<>te. Two genera, Thhdetes and Ilyrackyiis, 
closely ridated to Lopldadon, belong to the Eocene. 
Th(^y Tiiay b(J called tapiroid forms. At a somewhat 
lattu’ pi'riod appcairs Lopldodon, one of the few 
genera we have in common. Still more tapiroid 
in form is the Miocene Tcqrimvus, which in the 
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Post Tortiary is followed liy tlie tapir itself. That 
the. animal migrated to its present home in South 
America is probably certain. Now Eocene races 
existed in the I'lastern us wctll as in the Western 
Hemisphere, whose origin and separation is in- 
deed imlviiown, Imt the form and character of 
the, fee.t and teeth would refpiire, hut small 
changes to prodnee the genus Tapir. Ihaico it is 
hero again ima’cly a math.-r of opinion (owing to 
the present state of our knowledge*) wlicither, with 
klarsli, WH'. consider it niorti lilndy that the original 
home of th(.! tapirs is assigned to the New World, 
and that they art; suppttHed to liavi; migrattsl to 
Asia, or vki>. rfrm ; or again, if, wdtli C'arl Vogt, a 
parallel dtiVt.'lopimait is considertid the nitn'o prol)- 
ahle hypothesiH. 

By the sithiof our prest'nl tapirs, and unmistak- 
al)ly allied to them in the formation of foot and 
dentition, stand tin; lihlfittcct'oHtm, wliitdi are dis- 
tributed over Htmthern Asia, witli its lurgt; islands, 
and Africa. The. head weapons are sfilid horny 
projections of the nasal bone, which rise into a 
Hat Iminp witlim etpialitieH of tin* boiu* Hubstance. 
Eroni this (duiracteristie fcaltiri; it cun in most 
cases be (hiter mined whether the; ftjssil animals of 
the UhinoceroH species possessed horns. 



THE TAPIK AND RHINOCEROS. 


195 


Tlironglioiit the whole of the Dihivinm and the 
Tertiary period up to the PalfBotherije and Lio- 
l)hodona, there existed rhinoceroses, or hornless 
animals closely related to them. Midway in the line 
stands the hornless Aemithcrmm. Its connection 
with the Piilieotheridte and the Tapiridte becomes 
at onec! api3ar(‘nt from an examination of the skull; 
still, a diminntion of the front and canine teeth 
has tak(‘ii pbico. In fact, the whole family of the 
llhinocia’iduj, up to the present day, shows more 
variability of the incisors and canines than any 
other group. The dental formula of the Acerathe- 

riiini I . I . rj- possessing four toes on 

the fore-limbs it stood closest to its five-toed an- 
(U'stors, Aeeratherium is followed upwards by the 
true rhinoceros with cnlarg('-d nasal bones capable 
of supporting heavy liorns. In several of the 
Diluvial species — above all, in Ilhinom'OH ticho- 
/■///'«/<«,' whi(‘h ranged across Central Europe as far 
as tlu! Asiatic Polar Ocean- -the otherwise gristly 

' A rhiiKttjcroK, with a bony partition botweon the nostrils, 
lived in Muropo with tho manunotli np to tho period of Man, and 
its fossil reniuins, like those of its contemporary, helped our fore- 
fathers in their conception of (giants and dragons. On tho market- 
pliiee. in Klagonfurt is a very old stone imago of a dragon, the 
liead of which has most unmistakably been modelled from the 
skull of lihinoccros ticJiarhinns. 
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partition between the noKtrils became a firm bony 
support for tlie liorn, an ossification, whicli is not 
unfrcquontly met with in the tapir, as was shown 
on Fig. 31. 

America, too, had its family of Kliinocerosos, 
which seem to have branched off from the IMiddle 
Eocene Tapiridie, and comes forward distinctly in 
the Ui)per Miocene as. I rr/vd/oov/o//. Forms similar 
to it are found in the I’liocene, but did not leave 
any descendanis to the following period. The 
causes of its extinction in the New World an; not 
(dear. Eut the reastm of tht! dying out of the 
Diluvial spticdes in tluf Old WorM, or its withdrawal 
from tin; temi)erate zoiuis to tropical regions, seems 
to he pretty obvious. I’or (ven tboiigb individual 
forms—Kiudi as the rhinoeeros with tlui liony par- 
tition 1;t!twe(;n the nostrils- -were, lllo? the mam- 
moth, abh; to (fudure a ronglier tdimate, still they 
were not ahl(! to fHC<^ tlu! coming of tlu! (Jlacial 
period. What prevtailed them withdrawing before 
it we ccu'tainly do not know ; still we may, at all 
events, look upon them us having btnai the vietims 
of climatic clmngcH. Others, whieJi wtTO abhi to 
avail thernKcdvcH of the land bridges for with- 
drawing southwards, survived. 

An animal of the rhinoceros type, which was 
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perhaps a contemporary of Man, and one of the 
most gigantic phenomena of the primeval world, is 
the l^jhiiiinothermn. It likewise possessed a bony 
partition between the nostrils, and was armed with 
an iimnense horn, as is proved by the rough and 
huge elevation on its forehead. Its sknll is over 
three feet in length. The form of the molars, with 
elaborately folded plates of enamel, is another 



nil,- -tSloill cif Ui(i RlaHniothfii'lam. Ono-lwulftli nat. size. 
Aftor JJraiuU. 


peculiarity. This giant of the Diluvial period was 
also unablt! to prcHisrvo its existence. The few 
rtimaiuH —among whitdi is an almost complete 
skull-- have scarcely been found anywhere except 
in the southern basin of the Volga. 

The sixe of the present animals of the Bhinoceros 
species, and of most of the primary species, will 
seem less striking if wo take into consideration the 
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smaller species of bygone clays, for instance, the 
llhinuceros mbmtiis. 

Before passing on to the most docile and 
important group of the Odd-lioofed animals, the 
horses, lot us first turn our attention to a few of 
the American forms, which are distinguished partly 
by their size and partly by the, in most cases, very 
unusual form of their skull ; in the struggle for exist- 
ence these animals, however, neither changed nor 
loft descendiints which adapted themselves to cir- 
cumstances. Their existence reminds us of the 
FAmuiotlicfium, imismuch as they neither explain 
the pr(JS(nit (hence in reality stand apart from our 
subject hcii’e). nor do they awaken in us other ideas 
for understanding the organic world ; but they 
bear witnoss to the incredible exuberance, we may 
almost say tins oapriciouHness, of organic produc- 
tivity during the Late Tertiary and Diluvial periods 
whiki the animals \v(!ro becoming extinct, and 
which periods were followed by our Bresent age, 
with a certain stability of the inorganic and 
oi’ganic worlds. In this stability of forms, moreover, 
we see one of the preliminary conditions of tho 
m()]*phological and social dcivelopmont of mankind. 
The lowest strata to tho east of the Hocky 
Mountains contain the rcmaiiiH of the Biwilotho'uUef 
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gigantic animals, whose bodies exceeded that of the 
cleidiant in bnlk, but they had shorter limbs with 



Fio. 31. 

A. Skull of Ilrniitothorhim ingcuB._ One-toiith mit sizo. 

f, mill jiiwliiine; ?», upi'or ]»!■"’; J, olicok bouu , /, froiitiil bone, 
p, iKirlo.tul bono ; c, coudyie, 

//, The wiiiin looked u,t from iibovo, with the brain given in onthno. After 
Miireli. 


four toes on the front feet and three behind. The 
skull (Fig. 34), which is elongated after the manner 
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of the Uliinoceros species, shows a pair of bony 
protuberances (the sui^ports for mighty horns) on 
the upper jaw, in front of the eye- cavities, and prob- 
ably the nasal bones and the intermediate apace 
between the horns permitted the addition of a 
proboscis. 

Both in the ease of Brontotherium as well as 
in some mombors of the family of the gigantic 
Dinocerata, to ])e spoken of presently, the relative 
size of the brain to the skull is known from fossil 
iinpi’CKsions. According to these the size of the 
actual brain subHtan(U3 must have been extremely 
small (Fig. d l, n.). Its extent reminds one of the 
relative proportions of tlio reptik.* brain, and points 
to an incongruity which must certainly have had 
its effect ui)on the dying out of this and of similar 
species. It was in this inamier that all the huge 
reptiles of th(3 middle g(!ologI(?al periods became 
extinct, especially as land animals. Tim fiav liuge 
but sinnll-hrainedriiptiles of the present day, such as 
tlu! crocodiles, cdearly owe. tladr existtuice to the fact 
that they have continued to Iiv(' in water, also to 
their marked stability, Atraiisitit)!! to life, on land 
would lt‘.ad to their extinction. 

From the circnimstance that one of the mort? 
rec.(!iit strata of Orctgnn contains th(3 remains of a 
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perhaps kindred genns, the Chnlicotherum — which 
is discovered also in 'Western America, in China, 
India, Grreece, Germany, and France — Marsh con- 
cludes that the places where these remains were 
found were the stages by which, in this and other 
cases, the so-called ‘ Old World ’ received its animal 
forms. 

2. THE EQUID.E, OH HOKSES. 

On Fig. 35 -we have a drawing, made by Owen in 
1857, to (ixplain to his audience the derivation of the 
one-hoofed animal from its three-hoofed ancestor, ii, 
drawing which has been made use of countless times 
since then by recent writers. The three-hoofed 
animal is tho rahaotlierium medius discovered by 
Cuvier ; in outward ax)pearance the foot is precisely 
like that of tho tapir, but possesses four toes on 
its fore-foot, and thus rcjproaents an earlier form. 
The, I’ahuotlKirida) are essentially Eocene ; to judge 
from tlie.ir teeth, they obtained their food like the 
tapirs, and (with a numerous kindred) inhabited 
the. marshy forests which had originated with the 
uplu^aval of tho weird depths of the Jura and Chalk 
oceans. They, too, had found their way to 
Houtheni America. It is, W'e know', perfectly use- 
less, at the present state of our geological know- 
ledge, to endeavour to determine by means of 
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whicli lan(l-l)ri(lgGS this migration took place ; all 
that can be done meanwhile, is to trace the line 
of the descendants of the Fahnothcridfe, which, it 
seems, soon came to an end in South America, but 
became very numerously and continuously de- 



Fttt. S;"). “•ruliKithfinum. Ilijiiiunuu. (aflfjr Ovvmi). 

2', rir«l pri'iiitilitr ; in, llr^i tmilur. 


V(!l()ped in North America; and in tracing this line 
we must do so independently of those bramdies 
whi('.h run parallel with them in Europe and Asia. 

J'alieotlu'rium is a distinctly thre.e-hoofed aninuiL 
(kii’tainly tlui middle toe is Homuwlnit larger than 
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the two side toes, which, although shortened a 
little, and accordingly somewhat more perpen- 
dicular, yet fully touch the ground, and take 
their share in the work as bearers of the w^eight 
of the body. Now in the genera ^Yhich gradually 
arose in the course of time — Paheotherium, AticM- 
tliftriuni, Uipixoion, and Horsr—we can trace how" 
the two side toes, ir and iv, were more and more 
withdrawn from the ground, and became rudi- 
iiunitary, whereas the middle toe increased in size, 
stretched out, and finally became that of the Horse, 
tho incomparable runner and fellow-worker of man. 
Owen looks upon this as a providential transforma- 
tion designed for tho benefit of mankind ; we look 
upon it as an adaptation to the formation of the 
ground, to the incoming of plains, which originated 
during the Tertiary period. Thus in AnchHItcrkun 
KiirdutnenHii (Fig. 3G), which is still mot with even in 
the Plotjone, the tips of the outer loos are scarcely 
withdrawn from the ground, hence might still have 
h{!(!n of use to the animal in walking through a less 
firm soil. 

Tho Tfip]xtri(m also, from the Middle Tertiary, 
possesses the lateral toes (Fig. 35), hut these are only 
rudimentB of the original toes. They have become 
wholly useless, and in accordance with this inaction 



204 


THE MAMMALIA. 



the bones of the middle foot 
have also become shortened, and 
are on the way of becoming 
rudimentary. In Hipparion the 
adaptation of an animal once 
accustomed to marshy ground, 
to one which lived on firmer 
ground with extensive meadow 
lands has l)eeome completed; 
we have, in fact, the transforma- 
tion from a slowly-nioving into 
a swift auimal. It rang(jd from 
Central Europe; as far as Ccmtral 
Asia, and in both countries lived 
in enormous herds, as we fiiiirn 
from (hiudry’sgraidiic picture; of 
the Miocene, aplands of Ifikermi, 
Tlu; transition from Ilip- 
parion to the llorstj is a wry 
natural oiun ’'.riit; two sidt; to(.*s 
— which art! no longer of use to 
tlu; organism, and 
V ytit had to 1)1! 


Fiti. hhid-fmit 

of tlic' Anohitlicriujii. 
On(*>half iiat. si/.c. 
After KowalowHky. 
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nourished — have been eliminated as ballast. 
are not yet quite cast off. The metatarsals, or 
so-called ‘ splint bones,’ are still attached to the 
middle toe. The horse of the future will certamly 
have cast off these rudiments, even though it may 
take a few millions of years to accomplish this, 
owing to the extraordinary perseverance with which 
organisms drag about with them these useless in- 
heritances. The Hipparion has not even yet 
wholly disappeared from the scenes of life. 

N(AV and again horses have been met with, with 
more than one toe, which must not rashly be 
considered as a malformation ; it is simply a proof 
of that repetition of or reversion to the original form 
which in scientific language is called atavism. 
This kind of Hipparion-horse, which is looked upon 
by the common run of people as a curiosity and 
monstrosity, has, as Siehold* has shown, been 
repeatedly exhil^itcd at horse-markets. The fob 
lowing is a description of an animal of this kind 
given by Frank, Principal of the Veterinary College 
of Hurgery at Munich : ‘ The so-called splint hones 
(tlui metacarpals and metatarsals of the second 
and fifth toes) are not reduced to the same extent. 
On the fore-foot the mediale (m c 2) is the least 

1 Biebold, llijiim'ion auf JaUrmarkten. Miinclien, 1881. 
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reduced., on the hind- foot the lateral (m c 4) is the 
least reduced, as even Hensel pointed out. Now 
cases of atavism are not iinfrequently met with in 
the horse, where the medial splint bone on the 
fore-foot has a digit more or less distinctly de- 
veloped. And as the hoof of this second digit never 
touches the ground, and, accordingly, is not worn 
off in any way, the horn-substance becomes long 
and irregular, precisely as in the ease of the lateral 
toes (the second and fifth) in old cows. Atavisms 
of this kind on the hind-foot are of ejitremely rare 
occurrence. 

‘ Whemit was said above that the horse no longer 
shows any trace of rudimentary toes, this is not 
altogether correct ; the rudimentary hoofs do still 
exist. Tims thes so-called “ chestnut,” a flat horny 
wart on the skin above the carpus, seems to corre- 
spond to the hoof of the lost tlinmh ; at all 
events, I found it in cases where a second digit 
existed. Ancjther formation that must he included 
hero, is the so-called “ spur.” This spur is a small 
cylindrical horny substance, which in our present 
liorsc'. is concealed by tho hairy tufts of the fetlock. 
It HGf'ina to represent the coalesced horn-shoe of 
the rudimentary second and fourth too of the 
horse. 
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‘ During the sixth decade of the present century, 
there was exhil )ited in Munich a horse under the 
name of a “ stag-horse,” which had veritable hip- 
parion fec't. The splint bones of the four- extrem- 
ities had digits, that is, toes. The so-called 
“ (diestnuts ” existed on all the four limbs, and were 
strongly developed, whereas all the four “spurs” 
were wholly wanting.* On the fore-feet the medial 
side-hoof (second digit) was most fully developed, 
on the hind-ft!ot it was the lateral or fourth toe. As 
the sidci-hoofs of all the extremities did not reach 
the ground, and hence wore not worn, they had 
grown to a considerable length, and were bent like 
horns. Buch cascB are of great rarity ; still they 
luid boon observed even in earlier times. The 
famous Bucc'phalus of Alexander the Great is said 
to have he, on an animal of this kind. Moreover, 
till' atavism is said in some instances to have been 
transmitted to the offspring, which of course is very 
probable. It is more than probable that from a 
single animal of this description a breed of Hip- 
parion-horses might be reared. There would, 

' ThiH olmcrvation wouia certainly support the opinion, which 
wo are inclined to doubt, that the ‘ chestnuts ’ and ‘ spurs ’ were 
rudinumtH of the iirst, second, and fifth hoofs. If, nevertheless, 
1 hold to my doubt, at all events as regards the atavism of the 
thumb, I do so because it would bo a umq.iTc phenomenon. 
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however, be absolutely nothing to he gained by 
such reactionary measures.’ 

The same indications of the transformation 
from Palseotherium to our present Horse — in an 
uninterrupted line from the Eocene to the present 
— are manifested by the teeth. In connection 
with this point we must first of aU mention 
Eiitimeyer’s classic studies on this question,' which 
have been admnably supplemented by Eorsyth- 
Major. Owen had already recognised the change 
in the formation of the jaw that accompanied the 
transformation of the organs of locomotion. The 
teeth of the Palfeotheridse, which show less com- 
plicated folds of enamel, and are adapted for 
crushing juicy plants, gradually change into the 
pillar-shaped molars of the horse, which, owing to 
their strength and the foldings of enamel, are 
suitable both for grinding corn and for chopping 
gritty grasses. The principal parts of the crowns 
are given on the accompanying drawing (Pig. 37). 
Even from Owen’s illustration it is evident how the 
complicated enamel lines of the horse’s tooth 
originated from the simple tracings on the tooth 
of the Eocene animal. The much more careful 

' Riitimeyer, Beitr&ge mr Kcnntniss der fossilcn Bferde, 
1863. 
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cnmpariHons of recent times have shown us these 
cluiiiges down to the minutest detail ; and from the 
geoloffieui series, which is being made more com- 
plete year hy your, the comidex formation of the 
horse’s molars becomes perfectly intelligible from 
the outlines on those of the PaljEotheriiim. Eiiti- 



Fiu. fJ7.— Kiglit UpiHiv-jaw Molar of tliu Horao. 

K, I, r, h, I melili', liwWis front, Itiiok ; M, w, front, biiok croKor'iit ; ;i, lurjfor 

iunl fiiiiullfi' liuior jillltir ; Imior main- and siiU'-fnlii. Afttir Bnuioo, 

meytii’ further gives special imoofs that the species 
in question transmitted the rolativo peculiarities of 
their molars to the millt-teeth of their offspring 
and (lescondants, whereas the descendants trans- 
niitted the now inheritanee specially to the molar 
teeth. 

r 
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It is only in its liistorical coiiiiGcjtion that the 
peculiarity of the horse’s dentition acquires a 
peculiarly significant intei’cst, and — as in the case 
of the three-toed foot — when viewed apart from the 
historical course of its devtdopment, sticins simply 
an incomprelicnsihle peculiarity, of no importance 
cither to the horse itself or to the horse fancier 
ralaotherhnn, Anchitlierimn, and Hipparion pos- 
sess, wdieu full grown, seven eheek-tiioth ahove and 
4 8 

below on both sides of tlu! jaws P . On the 

other hand tln^ normal formula in the. horsii’s den- 
tition is p m ; it e.lutng(‘s only three of its 

milk-teeth, and gets three other molars. Now it 
has long smets been known to breeders and vet('rinary 
surgeons that, pridty liaMpuaitly, tint horse’s row 
of cheek-teeth begins with oiu; stump too many, 
the so-called ‘wolfs tooth’ (on Owen’s drawing 
marlual by thts letter p). This most perhictly ox- 
presses the fact that it o<rcui>ies the })lace wdiero, 
in Ihilscothorium among otlus-s, W(* have tlui lirst 
premolar. When it appears in tlu; horse, however, 
the ‘ wolf K-tooth ’ is not deciduous. It is most 
obviously a tooth in the last stage of disapiK'ai’- 
aiice, an irregularly appearing diiscendant from the 
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days of a full dentition, and its disappearance 
probably stands in causal connection with the 
increased strength of the other teeth. 

Before discussing the American line of horses, 
let me here quote W. Kowalewsky’s opinion regard- 
ing the connection between the genera mentioned 
above j his remarks are as careful as they are con- 
vincing: ‘Nothing is further from my intention 
than to maintain that the animal which we call 
Palaiotheriiim medium directly produced an Anchi- 
thorium, the latter an Hipparion, and so on. But 
among the number of individuals which we call 
Palteotheridas, there must always have been some 
forms which would incline more towards the Anchi- 
therium than the others. In the same way I have 
been able to determine — owing to the large number 
of species I was fortunate enough to be able to com- 
pare — that among the Anchitheridie a few still 
romainod completely within the limits of the species, 
although they showed some characteristics by which 
they resembled the Horse on the one hand, and the 
Palieotherium on the other. A few trifling flattenings 
of the bones, certain peculiarities of a joint which 
are met with in some individuals, are not to be found 
in others. Without doubt there was at one time a 
transition between two individuals w'hich resembled 
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each other most; but to expect, as is generally 
asked by those who believe in the invariability of 
species, that we should be able to show the last 
Palseotherium, and his descendant the first Anchi- 
therium, is to demand an impossibility. An origin- 
ally normal characteristic sometimes begins not to 
occur, then it becomes unimportant, i.a. is found 
wanting as often as it occurs, then it appears rarely, 
and finally disappears completely. Thus, for in- 
stance, the small front premolar of Palajotherium 
is smaller still in Anchitherium, but still occurs 
regularly ; in the Hipparion it is met with as often 
as it is found missing, and in our present Horses 
it is extremely rare (as the “ wolfs tooth This 
very careful comparison of the differences in the 
dentition has been further worked out by Kowa- 
lewsky.^ 

Wo have now again to turn to America, to the 
well-known fields of discovery to the right and loft 
of the Bocky Mountains, wluire to all appearances 
a group of Odd-hoofed animals lies buried, much 
more numerous in members than the group in the 
Old World, showing no gaps, and terminating with 
the horse. Compare the tabbi on page lUO. The 

‘ W. KowftlBWBlcy, ‘ Sur l’Anelutlv('riuiu AuniliautiiiHci Guv.,' 
M6vi. de I' Acad('mie mj)* do 8t^ PtHcrobourg, 1H7:J. 
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line hcgiiiH in the Early Eocene with the Eohippus 
of the Bize of a fox, which possessed, in addition to 
the ff)ui’ well-developed toes of the fore-foot, the 
remnants of a fifth. According to a remark of 
Marsh’s, this animal, in foot and dentition, al- 
ready shows unmistakably that with it commenced 
th(! ])ranching off of the progenitors of the horse 




Vitj. :$B.-Eool oi the EosrU Horses of North America. 

h, McHohliipiw ; e, Mioliiin-UH ; d, rrotoMupUB ; o, Efjiiua. 

from the other Odd-hoofed animals : ‘ in the next 
higher division of the Eocene, another genus 
{Orohippua, Fig. 38) makes its aiopearance, replacing 
Eohipinia, and showing a greater though still dis- 
tant resemblance to the equine type. The rudi-. 
mentary first digit of the fore-foot has disappeared, 
and the last premolar has gone over to the molar 
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series. Oroliippus was but little larger than 
Eoliippus, and in most other respects very similar. 

‘ Near the l)ase of the Miocene we find a third 
closely allied genus {Mcsohipjms), which is about as 
large as a sheep and one stage nearer the horse. 
There are only three toes and a rudimentary splint 
bone on the fore-feet and three toes behind. Two 
of the premoliir teeth are (juite like molars. The 
ulna is no longer distinct, or the fibula either, and 
other characters show clearly that the transition is 
advancing. In tluj Upper Miocene Mesohippus is 
not found, but in its place a fourth form {Mio- 
hipjnitt) continues the line. The genus stands 
close to the Anchitherium of Europe, but prosonts 
several important dilTerences. Tin; threci toes in 
each foot are more nearly of a si/ai, and a rudi- 
inont of the fifth metacarpal bone (of the second 
sc'i’Uis) is retained. All the known Hpoc.u'.s of this 
genus arc larger than those of Mesohippus, and 
none pass above the Miocene. 

* The QcmiB Protohippun of the Lower Tliocenc^ is 
still more etiuinc, and somci of its sp(icias cirpiullcul 
i the ass in size. There are still three toes on each 
foot, but only the middle one, corresponding to the 
single toe of the horse, comes to the ground. This 
genus resembles most nearly the Hippfirion of 
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Europe. In the Pliocene we have the last stage of 
the series hefore reaching the horse, in the genus 
Pliohippus, which has lost the small hooflets and 
in other respects is very equine. Only in the 
Upper Pliocene does the true Equus appear and 
completes the genealogy of the horse, which in the 
Post-Tertiary roamed over the whole of North and 
South Anuaica, and soon after became extinct. 
This 0 (!curr(;d long before the discovery of the 
('oiithuJiit l)y Europeans, and no satisfactory reason 
for its {(.xtinction has yet been given.’ * 

So far Marsh, and, owing to the quantity of his 
discoveries, he proclaims the horse, above all tli(3 
other hoofed animals, to bci clearly a native of 
America. That the European lint! discussed above 
is more incomplete is very evident ; however, it must 
be assumed that with furtluir discovc-ries the diifer- 
enct! will be (!(pialisod. And, indeed, an important 
begiiming has already lamn made during the last 
ft!W y<!ars. The gap hotwcicn Ilipparion and Equus, 
which clearly existed, and was filled up in the Ame- 
rican lint! hy Pliohippus, no longer exists in the Euro- 
pean series either. For Eorsyth-Major ® has pointed 

* Mareli, The Introduction atid Uncceasion of Vertebrate Life 
in America (1877). 

* Eorsyth-Major, ‘ Riviata aeiontitica industriale, 1876,* 
Koamos, ii. 
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out tliat the races from the Quaternary period of 
Upper Italy, classed together as Equm stanonis, 
include all the required intermediate stages between 
Hipparion and our present Equtis cahallus. It is 
of the utmost interest to be able to q^rove that in 
Eqima stcnonis the reduction of the side meta- 
tarsals preceded that of the tarsals : for while the 
metatarsals do not differ from those of our presont 
horse, the tarsals show all the intermediate stages 
between Hipparion and Eqmis cahallnsi ; tlusy have 
not yet had a sufficient length of time to siccoin- 
plish the comqdete change which reiulers the foot 
of our horse so eminently mor(! suited to the 
activity of the one-hooled animal than was the 
Equm Htenouk. In fact, it may be iirilntied that 
in the case of the Diluvial horses, the splint bone 
[i.o. the rudiments of the metatarsuls ti a.nd iv) 
had not yet coahiwjed with tlu! mid-foot, which 
coalescing of the bones occurs in our present horse 
with its seventh or eighth year.* 

' Ndu’ing rcmaiicH, on tliu (tther haud, that, in «ur jinisHiil, 
hoi’BO, the Hidint boncH do not coabiHcct lU'arly an elli'n an in bii]»- 
poBcd, and that, fur inHlauw, auioiiK the hkt-IcttmB in the Berlin 
coikicition, tin! ciOiiieKciiif' iw the Jt-scejition, the n<ai-(H>alesfdn(4 tlie 
rnki. Tiiat, tlujrcfori!, tha Hui(imM<‘,d dil'fen-nwt between the Dilu- 
vial and thes prcHorit liorHt! is not an (ssHentiaJ one, and tliat it 
riiHid only be adniiititd that the c!(»al(!Sc:inH nf the Hplint bones 
occurs more fri'iiuently in the dninestic hurscis ti|’ the in'csent 



THE EQUIDiE, OE HORSES. 


217 


That the two groups, the European and the 
American, run parallel, x^erhaps without any inter - 
course during the longest of the Mid-tertiary 
periods, must not only be admitted as probable, 
but 1)0 granted as possible- The probable coloni- 
sation of America by the original inhabitants of 
Asia took place before they had learned to make 
use of the horse as a domestic animal. In 
Amoriea the Horse no longer existed then. It 
may be that the long-continued ice-formations 
of the Diluvium had forced it to leave the high- 
lying i)lainH to which it had been accustomed, 
and driven it to regions where it succumbed in 
the struggle for existence. The Spaniards re- 
introduced the horse to the New World, and now it 
theirn also fulfils its mission as a companion to 
man— if we may for once use a teleological ex- 
piXiHsion, In addition to all this, however, it must 
also be stated that the American members of the 
genus Horse have never advanced as close to our 
present horse as the Diluvial members of the Euro- 
pean family ; hence, that the true horse of our 

than in the Diluvial horses. Now, as NehrinR, among other 
things, proves that the splint bones of the Diluvial horse, of 
Westeregel, are considerably larger and longer than they are 
usually found in the domestic horse, the cireumgtanees we en- 
deavoured to prove above remain essentially the same. 
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day — Eqmis cahcdlns — never existed in America 
before its importation. Branco^ lias lately pub- 
lished a very remarkable treatise on this subject. 
He has shown that in the Eqvus (indium — which 
lies buried in the volcanic tufa of Ecuador, and is 
of the same age as the Diluvial Pampas horses and 
the species found in the caves of Brazil — the eye 
is placed considerably deeper, whereas in the Kqnim 
cahfdlim it has moved considera])ly farther l)ack. 
Here, again, it is our grand Goethe — a naturalist 
not nearly often enough (pioted, in spite of what 
an eminent Bcii’lin orator may say — who sixty 
years ago i^oiiihsd out this ideal cliariicter of the 
horse from an artistic-o-scientific point of vioAv, and 
thus anticipated the wearisoiiK! labours of ])ahoon- 
tology. Goethe’s words are-: ‘ hi tht! horsc.’s hi'iid 
of the Elgin Marbles (of tlui I’artluaion), one of the 
most splendid relics of the grandest period in art, 
the eyes stand out freedy and arci placed near the 
ears, whereby both senses, sight and laiiring, seem 
to act together direidly, and the suldime creature, 
is enalded to hear as well as to set! what is happen- 
ing behind it. It looks so majestic and njiinlind, 

' Eriuico, Die, foasilc Siingeihv'rfiiunti von JUtnin rind Krwi- 
dor, von Jiciss und Branco, Unriiu, tSSU, 

CiuDllic, Uaher die Anf order uwjen an ualiirluHttirinche 
Zekhnumjen ( 18 ‘iB). 
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almost as if it had been formed contrary to nature, 
and yet the artist has, in reality, given us a i^ri- 
ineval horse, whether he saw it with his OAvn eyes 
or conceived it in his mind ; to us, at all events, 
the animal secans depicted in the spirit of the 
liighest form of ])oetry and reality.’ 

Thu hors(% in all its various forms of develop- 
ment, from the dwarfish pony to the Percheron 
and the huge English cart horse, has been regarded 
as a single spiicies ever since it was found in the 
scirvicMi of man. We talk only of different races 
of Kquufi cahallm. The taming and breeding of 
horses may he said certainly not to have taken 
jilace for thousands of years after the time when 
man first came into contact with the animal. The 
period during -which prehistoric Man, in Europe, 
fed chicdly upon horse flesh is that which has also 
hecai called the lloindeer period, owing to the wide 
(listrihution of that animal. This division of time 
follows the period of the fullest devolopmont of the 
mammoth, and was in many localities-— c.//. in 
Central Prance —extremely favourable for the in- 
crease of the gonuB Horse, in spite of an evidently 
rough climate. Nowhere in the world are such 
accumulations of remains found as near fiolutre in 
the neighbourhood of Macon to the north of Lyons. 
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The lower stratum of this remarkable deposit con- 
tains a whole fauna of larger and smaller mam- 
mals — mammoth, cave tiger, lynx, cave bear, brown 
bear, cave hyena, wolf, fox, polecat, marten, bad- 
ger, Canadian deer, primeval ox, horse, hare, and 
saiga-anteloj)0. All the bones are broken and 
mixed up together ; and the rude flint im2)lements 
likewise found there, also point to the fact that the 
grass-eaters f(‘ll victims not only to the teeth of tluj 
beasts of prey, ljut to the hand of liuiitHmen as 
well. In the upper strata the mammoth and his 
huge flesh-eating contemporaries disappear from 
the scenes. Primeval Man (aihu'ed the lleimleer 
period from the Maitimoth period, tind thereupon 
horses wi;re slain hy the thousand. 

The oiunion which found favour in Frane.e that 
the horse of Bohitre had lu'cn taiiuid and domes- 
ticated is untenald(j, as has again lately been 
pointed out hy Pietremont, who has carefully <‘on- 
sidcred the (luestion in all its bearings.' Never- 
thelesB, the horse from Holutre is of great interest, 
as wo most prolnihly have in it one of the races 
which siibscciuently hecairie doiiKjsticated, and which 
leift descondaiitHtliat ju'ohahly still exist. The jaeces 

’ rii'iti’duiont, Las chevaux dam h‘H fr.mpH ]irrhit<t»r'niiics i‘t 
historuj^iOH, PariH, 1HS8. 
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of skeletons found at Solutre point to ttie so- 
called Ardennes horse, one of the long-headed races 
of the domestic horse. One feels tempted to look 
round and see whether there are not other 
horses that approach as close to the Solutre branch. 
In doing this we think, in the first place, of the 
small horse that lives in a semi- wild state on the 
Carmargue, in the delta of the Rhone. There also 
exist in Alsace the last offshoots of an old race of 
this kind. In stature and proportions these ani- 
mals resemble large ponies. The head, in the 
specimens which seem most purely to represent 
the race, is large and ugly, but the body, in spite of 
the want of actual care, is well formed ; the limbs 
very powerful. The animals, which are good- 
natured and easy to manage, perform extraordinary 
feats in the way of drawing weights. At times, 
when there is little work doing, they are kept for 
weeks in the meadows to the east of Schlett-stadt, 
and are met with, in fact, in other districts besides 
Schlett-stadt as far as the Rhine. 

To throw proper light upon this possible con- 
nection, it would be necessary to make the most 
careful examination and measurements of the 
various parts of the skeleton, and this has not yet 
been done. How this would have to be done has 
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been sho\Yn very recently ])y the distinguiHhed 
authority on the Diluvial mammals of Central 
Europe, Professor Nehring of Berlin, in his ex- 
ceedingly interesting studies on the fossil ho]‘ses of 
the German Diluvial dejiosits, and their relation to 
the living liorsesd The Italuin pakcontfdogist, 
Eorsyth-]\Ia)or, had, somewhat i)reviouHly, in an 
admirabki manner, compared the Diluvial horse in 
Italy with the present animal. In order to ol)tain 
a good starting-point for an investigation of this 
kind, it is necessary first to umhu'stand a few of the 
principal spi-cies of the domestic horse. Of these 
wo recpiiro only the two groups in wliieh, acuMU’ding 
to French investigators, the donu'stie, liorsi' apju'ars, 
and into which, moreover, tlu! eight nic.es may lie 
sul)divided. fn thi! horses of the i)rineipa.l Or'Kiitul 
rtur, th(! portion of the skull covering tlai brain is 
strongly developed, the fa-ca'a! part of the lu-ad is 
smaller, which circumstance is expressed mainly 
hy the breadth of the forcdiead. T’lu' inner side of 
the cresconts of tho molars of the upper jaw 
(Pig. 37) has a covering of (aiamel with hut few 
folds; the hones of the linihs are graceful, hut 
of a very lirm structure. An admirable n-preseii- 

’ NoUrinK, Fimilc P/mlit tuinddUurlit'ii IHlimalaldiuii'niw/i'ti, 
und Urn UesichwKjen zu den Icbendi-n J’/erdm Hiii-liii, ISMI. 
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tative of these qualities is found in the Arabian 
horse. 

‘ The Occidental Horse,’ says Nehring — follo'wmg 
Frank of Munich, who was the first to distinguish 
this main race — ‘ shows itself, as regards the two 
first mentioned points, to he the exact reverse of the 
Oriental horse ; for its distinguishing character is 
the much larger development of the facial portion 
of the skull, as compared with the part covering 
the brain. The skull seems to be comparatively 
long and narrow with a small breadth of forehead. 
The rims of the eye-cavities stand somewhat for- 
ward. The enamel folds of the so-called crescents 
of the molars of the upper jaw are very complicated. 
The bones of the limbs of the Occidental horse are 
of a thick and massive build, while in structure 
they are loss substantial and hard than in the case 
of the Oriental horse.’ 

To this Occidental race, in Germany, belongs 
our common-middle-sized horse, which of late years 
has been more and more set aside to make room 
for a mixed race ; for the State and private persons 
have taken the breeding of horses into their own 
hands and introduced foreign animals, more par- 
ticularly of the Oriental species. Thus, for example, 
during some decades, crossings from the Arabian 
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breed, especially with the famous stud at Clraditz 
near Torgan, was systematically encouraged in the 
districts on the Elbe in Saxony, 

The heavy horse of Central Germany has been 
termed the Equiis cahuUna (jvrmcmh’m by Sanson, 
and by Pietreinent after him. There were only 
uncertain conjectures as to its origin, yet tlie 
general opinion appeart'd to be that, like all the 
inodium- sized and larger Europcian races, it was of 
Asiatic origin, and that it had iKain tamed and 
introduced l)ydilf(irent nomadic trila^sin j)rehistoric 
times.' This rpuistion, wliich cljiims our whfde 
interest, foi’ it aifects tlu' history of tlu! nobli*st of 
our domeHti(5 animals, has advanced oik! stages in 
clearness. Nchring 1ms undeniably proV(‘d that a 
Diluvial horse of Central (rerniany- numerous rtt- 
niains of which have, Ix'cn discovered at Wesl (‘reg(dn 

' ‘Thfi llonuui authorH, Ciimr tii iiiu'Unuliir, tlicthieuiiih in 
Giuil and CWmuany lictwcau a nal.iv«' nf hiirni!!'., wliich wan 
Hinull and unrunuirkulild althouKh hardy, and hctwi'i-ii 
brtiiidK that WDi'O larger and tndilar in ajiiicaniiuM'. And many 
othor writiiVH of andimt and hitnr tiiin-’i aiifiik of {oreij.',!! hm'HOH 
in contradistiiudion to tint nativo hroodn, ho that Micro in, pro- 
bably, no doubt that there oxiHlcd in thoac dayti, in (Icrmany, 
two racoR utrikiiidy different in outer ap]iearane,e. 'I'hat the 
Kimill native rucu mimt bo traced to the tamed wild hurHe. of 
I'bimpe, may probably he couHidered as eerliiin, ho that the only 
remaining ipieHtiou is, of what origin wan that foreign hormi, and 
whonco (lid it conic to UH V Ah Eckcr. 
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near Magdelnirg, and at Thiede in Brunswick— 
tallies in all characteristic features with the heavy 
Occidental horse. Hence it had not been introduced, 
hut had been tamed and reared by our ancestors 
from the wild race which they found there. This 
narrow-browed animal lived also on the Ehine, in 
the neighbourhood of Eemagen; ‘in the form of 
its skull and the rims round the eye-cavities it 
roserahles our old medium-sized lowland races,’ 
Nohring sums up his views regarding the Ger- 
man Diluvial horse and its relation to the present 
tamed and wild races, in the following passage of 
general interest : ‘ The Diluvial horse of our 
country, like that of the neighbouring European 
lands, was an untamed, wild animal which roamed 
about, and seems to have lived in especially large 
mnnhorH in the districts round the Hartz Moun- 
tains. These districts, during one distinctly longer 
division of the Diluvial period, possessed a vegeta- 
tion of the steppe species and a corresponding 
climate. The forest had become greatly reduced 
during the Ice period (he. the first ice period, if we 
are to admit of there having been two). On these 
steppe-like tracts wild horses lived in large herds, 
together with jerboas, steppe-susliks, logamys, hare- 
rats, numerous wild mice, and other characteristic 

Q 
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inliaintants of the present steppes beyond the 
Volga.’ 

‘ Their existence was now and again endangered 
by a few isolated lions, also by wolves, whereas 
hyenas (remains of which are Hot unfrequently 
met with at Westeregeln) proliably seized only the 
carcases and scarccdy ventured to attack the live 
horses. 

‘Th(3 worst onemy of the Diluvial horse was 
man. Wo know by numl)crlosH investigations, that 
tho human inhabitants of Central and ’Western 
Europe in those days lived almost entirely upon 
the hunting of horses ; the bones and teedh — very 
pro])ably the skins, hair, and sinews also — wore made 
use of in a variety of ways.’ Nehring, whom wo, 
have betm ciuoting, goes on to say how all this was 
done, what proofs >V('- have of the. oeciLsional visit 
of iioiinulic tribes to ccadaiu k)caliti(iH, tind how a 
regular sysioin of breeding arose gradually from 
singki attempts, and then adds ; 

‘Those of niy readers who are accessible to 
scientilic proofs will, 1 liope, find iny detailed com- 
parisons sufficient to convince tlieni tliat an essen- 
tial portion of our so-calhal heavy (common) horses 
must ])(i traced back to the heavy, thick-boned 
Diluvial horse.’ 


Compare aliovo, p. 70, fol. 
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The horse from Solutre, and the thick-boned 
animal of Central Germany, are two local races 
very nearly related, but yet distinguishable. There 
is anotlicr race which has been found most com- 
plete round about Schussenried in south-western 
Wlirtemberg ; it has been described by the eminent 
man of science, Fraas, who also gives an account of 
many of the other Diluvial inhabitants of that dis- 
trict. This horse is distinguished by its compara- 
tively lu'oad forehead and by the gracefulness of its 
limbs, and hence agrees in important points with 
the Oriental domestic horse. Now there have been 
diHcovered in many of the prehistoric deposits of 
the Bronze period, the remains of a tamed, thin- 
lioned horse, which has universally been supposed 
to be of Asiatic origin. It cannot well be doubted 
that this horse was imported by the tribes that 
overran Europe from the Bast; yet it is equally 
poHsibhi and probable, that a portion of the slimmer, 
tamed horses of the Bronze period had been pro- 
duced through the taming of the broad-browed 
Diluvial horse of South Germany. 

t ), the probosoidau, or elephants. 

The circumstances of nutrition which determine 
the general character of the dentition and of the 
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structure of tho. foet of animals, account for tho 
fact that the trunlvod-animals have always been 
classed with the genuine hoofed animals ; hut any 
attempt at a closer definition of the olden’ systtnn, 
with its many-hoof(‘d animals and thick-skinned 
animals, always led to tin* is(dation of the, ele- 
phants. 'fheir dentition shows no link whatever 
with those of tlu; present aniina.ls. And in causal 
coime(dion with the dentition we have the strange 
shape of th(3 skull, and again eonneeted with the 
latter the developnunit of tlie ])rohoscis, which in a 
womhn’ful manmn’ counter} )alanees the weiglit and 
awkwardness f)f the. head and ne,(d\. IVohosees are 
met with in other niannnals : thus we liav<‘ the 
lip-iinger of the rliinoe(n’ost!H and thf' prtnninent 
lip and nose of the tajurs and of the saiga-iuitelope, 
Mortiover, our excellent anatomist liurmeister 
{whether rightly or wrongly I do not venture t<» 
say) has equip]>ed the Miifruni-hriiiet, ja-ohahly one 
of tho horsci family from the i'lirxu’ne deposits (»f 
Tatagonia, with an aj)peiidag<* rf?s(‘mhling an ele- 
phant’s trunk (Fig. Hit). 

Ik) that as it may, at all events our present Kle- 
phiuit is one of tla; sirangc-st and most enigniatieal 
forms, which, niorc.over, mast lniv<' impressed 
uncivilised mitions hi an (extraordinary manner. 
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Wo flo not put much faith in the Indian legend, 
according to which the monsters which the 
Great Spirit destroyed by lightnings, and which 
ditid witlnjiit leaving offsjpring, were Mastodons 
(wliicli existed in America as the earliest contem- 



poraries of man), still, A. W- Sehlegel as early as 
18 B 8 ' pointed out in one of his classic inquiries 
that the influence exercised by the eleiohants upon 
the imagination of the Hindoos was positively all- 

’ A. W. ticlilegel, Jiidische Bihliotheh, 1823. 
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powerful. The Hindoos marvelled at everything in 
the animal, not only at its sagacity, whitdi made it 
seem to them the emhodiment of the god Giincisa, 
hut also — and more justly than wo — they admired 
the neatness of its foot. 

Its zoological singularity is, as already stated, 
mainly centred in the character of its head. To- 
gether with an unusually small hreadth of head, 
the facial i)ortion shows a rtanarluiljhi height. 'J'he 
narrowuoBS is caused hy tlu' very liniitcal number 
of teeth. In the upper jaw there are only tht‘ two 
tusks (incisors) and oiu^ molar on either side ; in 
the lower jaw tliei-e, art* molars only, ])owei'fully 
developed, it is true, hut, as ntgards length, show 
comparatively far hsss dimension thiin is sec-n in 
the full dentition of a grass-eater. All the moia; 
powerful and higluu' are tlu; roots, not only of tlu‘ 
tusks hut of the molars. 'I'ht! latter art< ^'hanged 
six times, so that tlm sticctMiding tetdh from he- 
hiiul and below claim a position in the inside of 
the jaw till the animal is tohirjihly advanced in 
years. The structure of th(f molar, evtm when 
worn smooth hy use, shows it to 1 h* an excettdiugly 
l)C'rfect apparatus for crushing halves and grasstis. 
l^oology terms it ‘complex.’ It appears to la* 
formed of a large immher of high and narrow 



THE PBOBOSCIDiE. OK ELEPHANTS. 231 


cases of enamel which are filled with dentine and 
joined into one mass by cement. This account of 
the formation of the tooth, which is universally 
accei)ted hy descrix^tive zoology, is, however, as we 
shall see, not correct, and very unnecessarily makes 
the gai:) — which does exist between the Elephants 
and the other xdant-eaters — apxoear greater than 
need he. 

Even Cuvier distinguished among the Elephants 
a group of fossil trunk-hearers, x^Qi'fectly of the 
(ilepdiaiit type, hut with a more complete dentition ; 
the molars, although less large than those of the 
ulei)hant8, la.ing characterised hy nix>ple- shaped 
Ciininences or tubercles in pairs, forming a number 
of transverse ridges. Cuvier called the genus 
Mnatixhn} A mastodon tooth of this kind (Eig. 
40) presents nothing specially striking apart from 
its oft(in remarkable size. The crown, however, is 
distinguished hy the extraordinary strength of the 
connecting layer of enamel which does not pene- 
trate in folds into the interior. Now, as three 
molars of this kind with huge tuherculated crowns 

1 The most important contributions on this subject are : 
Vacek, ‘Uebor iisterroichisohe Mastodonten und ihre Beziehungen 
zu den Mastodontcn Euroim’s,’ AbMmlUmgcn dor geologisaUn 
lieichsanstalt, vii. : most admirable also is the chapter on the 
‘ Eldphantoides ’ in G-audry’s Mmmnifiires iertiaires. 
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are met with in a row at the Bamo time (for 
instance, in the widely distrilaited MuHtixIon ^< /////?«- 
lidena ) ; and as, moreover, they follow upon one 
another as milk teeth and iiermaiiont teidh ; and, 
further, as .several typical niastodons of this kind 



Fi(h '10.- Thi! uwtl JIdliir of Miiiloiloii uns'iiHlidi tiH, 
ir r',TriillHVi‘V-i- dill'i'i; iiin'-lmtl imi. i/i‘, 

have:, hesides the upper tusks, low<;r ones as well, 
and iK'tweeii them other two sinuller incisors, 
this species of dentition moves whtdly within 
the limits and forms known to us. Tlu; nuLKiodoiis 
referred to are tlioBe of the Middle and tippm’ 
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Miocene, wliicli survived longer in America than in 
the Old World, and one of 'which continued to exist 
up to the period of the Diluvial deposits and turf 
formations, most probably even up to the prehis- 
toric times of the human race. This is the so- 
(Cilled Ohio animal, the Mastodon gigantaim. 



Em. 41. - Portion of a Molar of Mastodon olophantoidoH, 
Onci-half nat. size. After Clift. 

Ah (tarly as the Upper Miocene wo meet with 
animals of the Mastodon species, with molars, the 
ridges of which are much more sharply delined and 
resenihle rows of miniaturo roofs (Tig. 41), inas- 
much as they consist of numerous small tubercles, 
which almost coalesce with one another. The tops 
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of these tubercles become more or less rubbed oft’ 
with age. Only in some cases are the furrows 
between the ridges of the tooth somewhat filled with 
cement. These differing varieties and intermediate 
forms have obviously proceeded from the earlier 
mastodons, and in order to simplify tlic arrange- 
ment have been classed as the genus Sh'dodon. 
Their homo was chiefly in Italy, whence they 
spread abroad as far as Japan.' The discovery of 
their remains in the Japanese Archipelago is a 
proof that these islands did not lose their connection 
with the coiitincnt till comparatively recent time's. 

These teeth prepare us for the molar of the 
true elephant, the latest form of the grouj). It 
originates— and indeed not in theory but in the 
actual transition forms up to the living species- -- 
by the ridges continuing to be(auue steeper, drawing 
closer to one another, and sin'Iving down almost to 
the root of the tooth, and liy theso furrows lie- 
coming tilled with cement, which thencu* (uivers the 
whole outward surfaces of tin* tooth. The enamel 
parts of the still unused tooth — altlu)ugh in form 
and extent extraordinarily cliang('d — nevertheless 
show the same connection as in the species from 

' Nauintmn, Uehcr Elcphantvn ihr Iok.tU 

l^ahi'mbHjmxihka, vi. 1SS2, 
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■wliicli we started. A comiDarison of Figs, 40, 41, 
42 will make tlie homology of the spaces a a', b h', 
c c' perfectly clear. 

Europe, before the ai^pearance of the Glaeia 



Em, 42. Pieco of a Molar of tlie Manimotli, cut longitudinally, 
Nat. size. 

e, Enamel ; d, <lcutiiie ; c, eemeut. 


period, possessed several elephants, and Britain, 
which at that time had not yet been rent asunder 
from the continent, possessed the Elq)has antiqims, 
and Italy the Elephas mcridionalis. The Mammoth 
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also— the Elqihas iirimniemns, the most frequently 
mentioned and most widely distributed animal of 
the group— had been driven from Asia into Central 
Europe, whether as far as England is still uneer- 
tain. It had an associate in the FAnphas (intUpiuH ; 
but in any case the mammoth survived it up to the 
period of man. Yet it can scarcely be said whether 
— at the time the human immigrant took poHsession 
of Europe, and the struggle began between the 
tamed and the wild races, between man and the 
wolf in England, and the lion in Tlu'Hsaly— the 
mammoth was exterminated hi this kind of 
struggle, or whether it succumbed to climatic, i.c. 
to natural influences unknown to usd 

In entering uiion a discussion of the (flephants 
as a class, it was our wish to do away with what 
mystery seemed to encompass the existence of tlu! 
present animal, and we have done so by pointing 
out their undoubted descent from tlie Mioetaie 
mastodons. There is but oiio otlua* step liackwiirds 
that we can take in explanation of tlio connection, 
hy bringing forward another of the colossal, thick- 
skinned animals, tho DmAluirium. Up to within 
very recent times only its skull was known (i^Tg. 

* I lawkin.s, ‘ TIk) IlritiHh PloiKtomm Maimiuilia,’ I'tilu tmlo- 
(jraphiml Socuit;/, 187S, xxxii. ; AdaiiiH, ‘ MoiioKfaph on tho 
HritiKh Fossil JilttihiaiitH,’ Jbid. 1H77. 
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4B), from which it was supposed to be a footless, 
a(iuatic animal, and that, hy means of its two 
tusks wliich projected from the lo-wer jaws and 
(•,urve<l downwards, it probably moored itself to the 
shore! while resting or sleeping. No whole skeleton 
of this animal has, it is true, yet been discovered 
in connection wdth 
the skull, liut to 
judge from various 
r(unuins of bones, 
whic.li in all pro- 
bability belonged to 
it, it seems certain 
that the structure 
of thoDinothesrium 
was of the Elephant 
sp(!ci(!S, and that 
HOnU! kind of pro- Eio. 43.— Skull of Dinotlierium gigan- 
. , , toum. One twenty-fourth nat. size. 

1)0SC1S must be sup- 
posed to have been suspended from the elongated 
nasal bones. It is restored thus in our most eminent 
works on palajontology, and the correctness of the 
supposition is confirmed by a comparison of the 
molars with those of the early mastodons. The 
form and manner of succession of these molars, five 
being able to be in use at the same time, lead to 
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the conclusion that the molars of the older masto- 
dons originated from those of the Dinotheriimi hy 
the loss of one or more of the front milk-teeth as the 
result of the strengthening of the true molars. But 
as the known Binotlieridaj and tint earlier masto- 
dons occur in almost the same geological horizons, 
the supposed descent cannf)t, of course, signify that 
Dmoihcr'ium (thjanic.uin- had changed into tlie 
todun (nu/Ksiidc.ns, hut only indicates the way — 
where and how — the mastodons have originated 
from ancestors of the Dinotherium species. 

As is evident from Weinslieimer’s elaKsiflcatioii ^ 
— our latest authority for the species™ remains of 
the Dinotherium, iind nion* es]H‘iia.lly molars a.nd 
lower jawhonos, are found in various parts of the 
Old World ; hut in all cases, only in the Tertiary 
deposits, and in no case higlier than in the tipper 
Miocene strata; it ranged from Ih’iuice as far as 
India. In England no traces of it hav(‘ laurn 
found, and its southern limit in J<lurope is (Ireece 
(Pikermi). Notwithstanding the dillerent forms 
and sizes of the teeth-- acc.ording to whicdi liftcaai 
species have hcen distinguished — still, owing to 
the transitions met with (wiirywheia!, w’c, art* in- 

’ WuinBhciiner, Ucher iJinuthcrijim ijiijtmteum, K, IliM-lhi, 
iHsa. 
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dined, with Weinsheimer, to assume only one 
species, the Dinotherium ; we are also glad to be 
reminded by him of Suess’ words : ‘We can readily 
convince ourselves that physical changes occur 
without the mammal of the district being much 
affected by them, but we find no change in the 
animal world without a change in the outward 
circumstances, without some recognisable episode.’ 

The changes in the dentition of the Dinotheriae 
(which appear somewhat earlier than the masto- 
dons) to the elephants proper, correspond with the 
gradual change in their food and mode of life. 
The Binotherise and the older mastodons had to 
subsist mainly upon the roots and stalks of water - 
j)lants, which they tore up with their lower tusks 
in the morasses of tropical climes, like the rhinoce- 
roses. Harder grasses demanded and produced 
the transformation of the simple ridged tooth, 
the tuberculate teeth of the mastodons, the fall- 
ing away of the front milk-teeth, and finally a 
concentration of the material force, and more 
especially the peculiar conformation of the molar 
of the later and present elephants.^ They certainly 

> ‘ All the changes of the organisation which we may olDssrve 
in the later forms of Mastodon as compared with the earlier 
ones—for instance, the different forms of the incisors, the re- 
duction of the symphysis {i,e. the connecting parts of the lower 
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have differentiated much more from the original 
form than the other plant-eaters ; but even in the 
case of these latter, a similar course from the 
general disiDOsition to the specialised form of to-day 
has been pointed out. Thus, at the close of this 
short chapter, our elephants cannot any longer be 
said to stand as inexplicable wonders of creation. 

In the Middle Eocene deposits westwards of the 
Eocky Mountains, there have been discovered, anumg 
many other animal forms, numerous remains of 
powerful plant-eaters of the size of elephants ; their 
skull possessed two or three pairs of horns, and 
the upper jaw showed gigantic caiiiniis (Fig, 44). 
Those Dinocerata are belicivtid by M{i,rsh and Cope 
(and with some degree* of i>robability) to bo de- 
Hcondants of the Coryphodoiita (see above, p. 199), 
and although tlu* possibility of tluur being redated 
to trunked -animals is not excluded, still meanwhile 
it is a more vague analogy. Tlu* Erontotheriic 
from the Lower Miocusne, eastwards of the Eoc'.ky 
Mountains, which are likewise colossal creatures, 

half of tli(i jaw), the mcroiiscd Klowiama in tho HuccdHaion of the 
tooth, and tho correBpoiuling iucraiHi* in tho numhor of riclKts.^, 
in nho]t,tho donlino which by (It'KrooHhccoinoH worn oil point to 
tho fact that the later maatodouH had distuintiiiucd the mode of 
life pracliHed by their anooaturs, and had adapted themnelveH to 
a life on land.’ 
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l)iit Ic'BB striking as regards tlie formation of their 
skull, may, ^Yith somewhat greater certainty, he 
classed as a hranch of the Ehinoceros tribe (see 
above, p. 10!)). Both groups, however, strike us 
neY(‘rtlielcss as somewhat strange, chiefly because 
their brain can be compared only with that of 
ccB’tain fossil reptiles, considering the size of the 



I'lii. I'l,-— Hkull of DinocoraB mirabile. One-ninoteenth. 
After Marsh. 


skull and the thickness and mass of the spinal 
marrow. It would seem to he a lower form even 
than that of the Marsupials and the Monotrema. 

Two other small groups are allied to the Hoofed 
Animals, but in regard to one of these, the genus 
Ilyrax (rock conies), no more can be said to-day 

E 
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than what was known to Cuvier. Although the two 
groups, in their outward appearance and mode of 
life, show affinity to the Rodents with clawdike 
hoofs, their molar teeth are singularly like those of 
most of the Rhinoceros tribe. There is absolutely 
no safe starting point for their historical descent.^ 
We are more fortunate as regards the class next 
to be considered, the Sironia. 

G. THE SIEENIA, OR SEA-COWS.® 

Of this group the dngong {JTalicon (luf/onrj) 
lives in the Rod Sea, the Manatm fretpienta the 
West Coast of Africa, and another specifis the 

' Coiitj iH inelinod to think that tho avi’anKcnitint of tho 
carpaltj in tho Hyrax in a Hign of vory aucutnt dimctuit. His 
main roaHon for thiH anppoHitiou ia tho fact that the hoiUiH form- 
ing the several rays of tlio iingevH still lio om holiiiid tlui otlior 
8iini)ly and regularly, a« in the ouho of tho lower vorttsljratoB ; 
wheroae in other maiumalH - not, howovor, in tho oloiihant— -tho 
two rows of carpals havo heon displocod and lio side hy Hido. 
The cause of this displacing or twisting rmist, withont doubt, h« 
looked for in the loss of tho thumb, which again is connected 
with tho cases of adaptive and iniuhiptivc transformations of tho 
carpals mentioned by Kowaliwsky. As, howtivor, in tho (dophants 
tlie row of carpals is not displaced, while in the Ooryphodons a 
very marked displacoraont has taken plact! in spite of the tlmxnli 
having been retained, it scums to run lliat (Jopii's atttnnpt to 
arrange and determine the general relationships of tho Hoofed 
Animals, more particularly of tho earlioat Eocene fauna, from 
these circumstances, is much too unsafe. 

® Lepsius, iralitherium Schinm. Darmstadt, IHHL 
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oaBtcrn shores of America. Another and fourth 
species of very remarkable form, the Bhytina 
airUcri, belonged to our present period, but owing 
to the smallness of the range of its distribution, 
seems to have become extinct between the years 
1741-48. 

The earlier Bystems of zoology considered the 
want of hind legs in "Whales and the Sirenia, the 
paddle-shaped form of theh front limbs, and the 
formation of the end of the body into an horizon- 
tally extended lin, to constitute the characteristic 
hiaturoB of a distinct order of animals, compared 
with which other very marked differences in their 
skull and dentition seemed of little importance. 
However, nowadays we are so well acquainted 
with the disappearance of the front or back 
limbs, or of both extremities (in the case of 
reptiles) as phenomena of 'convergence, without 
this being coiiHidered a proof of any near blood- 
rcilationship, that we no longer think of classing 
the Birenia with tho Whales simply because of tbe 
want of tbe hind limbs. The Whales are flesh- 
eaters, the Birenia plant-eaters ; the former, by 
their relationship to the seals, belong to the order 
of tho Fme, flesh-eaters in the narrower sense of 
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the word ; the latter are a ve.ry ancient branch of 
the Hoofed AiiimalH. 

Of the living Birenia the MnnatiiH kIiowk the 
fulleHt dentition with a change of teeth. It points 
to an old Tertiary group found in Jamauai, the 
rmruHtoiHKH Hhrni>i(h% whoH<! inolai’.s are genuine 
ridged tec’th. 

The otlusr and more perfect liiu; ends in the 
present period ^vith the HO'Calii'tl Btidler’s Bea-CJow 
{lUii/tinn itidliTi), which has r(*(u;ntly hecoiue (jx- 
tinefc. It had no trin* teeth for masticating pur- 
poses, hut, in pla<‘.e of molars, had large fdirotis 
Htrue,tur(!H on the gums, ran* on eatdi .side f>f each 
jaw. Thc.’Se stnn'.ture.s occur also in two of tlie 
living Hpecie.s, but are le.ss large. The dugoug 
already shows a consideralh* loss of ietdh, ])ut hy 
pDBseBsing them stands nearer to the; earlier form 
of Birenia, which h^ads in a direct line hack to the 
Eocene JlaUihcmm. The dental formula is ; 


When comparing tint genuiint Hoofed Animals 
with their ancestors, it was setfu that th(^ loss of 
orui or twf) toes took place as ctirly as In the lirst 
Tertiary division. It was only singh; gjuna’a, such 



THE SIHENIA, OR SEA-COWS. 


245 


as Coryplioclon, tliat still showed the old five-toed 
((xtremity, an inheritance from Pre-Tertiary times. 
However all the living Sirenians possess a five- 
lingca-ed hand. When, therefore, it is said that the 
molars of Prorastomus are genuine ridged teeth, 
these do not point to the true Lophiodonta and 
tapirs, with their already reduced hand, but to 
earlier ancestors on both sides. Thus things no 
longer existing point to that very distant past, 
which extends back beyond our actual observa- 
tions. Even in the case of Halitherium all that 
is left of the hind limb is the thigh-bone. This 
boms however, is still attached to the pelvis, 
which is tolerably reduced, but has a socket. The 
earliest Birfmians, therefore, had a less striking 
form of skull, bnt, nevertheless, in their whole 
appiiaranco wore already like the present living 
spcicies. Prom this it follows that the four- 
footed mammals changed their abode for the sea, 
and lost their hind limhs, before the Tertiary 
period. 

The living Sirenians have experienced a still 
farther reduction of the pelvis ; it has become de- 
tached from the vertebral column ; and even the 
above-mentioned remnant of the hind limb, the 
rudimentary thigh-hone, has wholly disappeared. 
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7. THE CETACEA, OR WILUIjES. 

Up to about the year 1840, our scientific 
knowledge of the larger Whales was based almost 
exclusively upon the dissection of a few stranded 
animals made in most cases in a very superficial 
manner. Skeletons of the animals could, of course, 
be procured, and some complete specimens had been 
set up in some of the museums. Their ribs, lower 
jaws, and vertebras had also been collected, and, 
like the bones belonging to fossil (slcpliants, were 
chained to town-halls and cluircdies, where they 
were gazed at as the ruiiuiins of giants, and pro- 
bably als() (as was tlui case with a niauimoth’s 
thigh bone in Bpain) W(u*e w^orshipped as the 
reliquoB of saints of giant stature. 

Owing to this manner of atapiiring scientific 
material, a fatal confusion had arisen in tlui names 
given. It was about this time that Kschricht, 
professor of physiology in Gopenhagt'n, iipplitul tlu' 
well-known linos — ' If thou the poet would’st under- 
stand, Then must thou go to tins poet’s land,’ — 
to the Cetaceans. Ho did not visit tluan himself, 
it is true, but his friend Ilolbdil, who was for many 
years inspector of the Hanish colonitis in Green- 
land, undertook, at Escliricht’s recpiest, to make* 



THE CETACEA, OE WHALES. 


247 


collections and observations on the shores of the 
Arctic Ocean. Holholl furnished the museum of 
Copenhagen vyith excellent material in the way of 
skeletons, together with the softer portions of the 
body, also whole animals of various ages, with 
detailed accounts of the biological observations he 
had made. All this information Eschricht^ made 
use of in a classic work, where he traces the trans- 
formation of the skull of the foetus (only some few 
fciot in length altogether) to that of the full-grown 
giant, that framework which strikes the on-looker 
at first as peridexingly strange. He cleared up the 
relation between the bearded and the toothed Whales 
by following up Geoffroy’s discovery more minutely, 
i.c. by showing that the foetus of the Bearded or 
■Whalebone whale possesses a number of small teeth, 
which never cut through the gums, and subsequently 
become completely re-absorbed, when the huge 
Hieve-liko apparatus on the mucous membrane of 
the gum appears. The rudimentary teeth of the 
Whalebone whales, which never come into use, are 


' EBchrioht, ZoohgischMimtotnisch-physiologische TJntersuoh- 
Uitg&n ilbar dia nordischm WaltMere (Leipzig, 1849), of wliich. 
work there is an English translation ; also Brandt, ‘ TJntersuoh- 
ungen fiber die fossilen und sub-fossilen Cetaceen Buropas,’ 
Mem. Acad. I'ctarsb,, 1873 ; Van Beneden et Gervais, Osteogra:phw 
das Ctitacis. Paris, 18G8-80. 
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final links in the chain of evidence that the Whale- 
bone whales are the last members of a transformed 
group -which commenced with animals with four 
toes and numerous teeth, and which by the gradual 
diminution of the dentition have become Whale- 
bone whales. 

Still, the skull of the Whalebone whales shows so 
much resemblance to that of the Dolphins and all 
of the other toothed whales, that, were it not for 
the discovery of teeth in the fmtal animal, we should 
bo ill doubt as to the unity of the two groups. 
From the head of a dolphin only a lew feet in 
length, wc may learn all about tlu! peculiar trans- 
formations just as well as fi’om the hcjad of a 
Greenland whahu The mid jawliones (Dig. 45) 
do not appear in front bet-wtuoi the upper jaw- 
bones, but are v(iry much eloiigahul, and fre- 
quently lie somewhat iiTtfgularly, projecting beyond 
the upper jawbone. The most striking tdiaiig(is, 
however, are those of tlui middle lu'ad, untl all this 
can be traced to the rising up of the nasal c.aviti<!H 
— in all other mammals these li(“. horizontally or 
oblitpioly towards the front --which form pf;rpen- 
dicular hlow-holes close to the. crown of the head. 
Not only has the olfactory hone becoiiu! raiscid, 
but the nasal bones also, in most (uises, have 
been completely displaced from their position as 
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coYorings, and stand as perpendicular bacli walls to 
the nose, while the frontal and parietal bones are 
compressed and pushed aside in the most remark- 
able manner. However, it would certainly not re- 
quire a practised osteologist to construct the skull 
of a whale from any certified bone. There is 
nothing in the skull of the whale that could, in the 



Eld, 4f).- Skull of DolpliinuB lagenorliynehus. Gray. 


t k, ; 

liiinij ; n, 


0 k, upper jawbone ; clieek-bone ; p, parietal ; s, 
nasal bouo ; e, olfactory bone. Ouc-flith nat. size. 


frontal 


slightest degree, lead to a connection between it 
and the Birenians (p. 243). Nevertheless, their hind 
limbs, like those of the Sirenians, have disappeared 
externally without leaving a trace of their former 
existence; the rudimentary pelvic bones that are 
concealed in the hosli — sonnetimes with the last rem- 
nant of the thigh-bone, very rarely with the shank 
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— bear witness, liowover, to 
their having possossod an- 
cestors with four legsd 
The front liinl)8 remain 
wholly within the known 
structure, of the inanmial 
leg, as may be scon by 
that of the dolphin on Pig. 
40. The toothed whales 
are, almost without excep- 
tion live-l'mger(!d, even 
though ill most cases tins 
thumb and tlie little linger 
appear visry much reduced. 
This, moreover, shows them 
tobt! giiologically older than 
the Wbaltbone whales ; for 
of these, only the smooth 
whales possess live 

lingers; in the others the 
tlmml) has compl(!i(^ly dis- 

' Th(.' uioiliJioiitioiiH whieli thi* 
wluili'H luivt! (iH main- 

mak in watta', liavti been uiUiiiv- 


I'Ki. 1(5. --Itighl Fore-limb of ably doHcribt'tl liy I'nit. Flowttr, 
DdlpliinuH ildlijIliH. After ‘ Whttl(i« in tlie Fast luiil I'ritHoiit,’ 
vail Boiioden and (brvais, Kosinoa, vii. IHSII. 
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appeared. That the Whalebone whales are geologi- 
cally younger than the smooth whales is likewise 
proved by their generic characters, the furrow which 
extends from the throat to the belly, and the 
humped or fin-shaped jn'otuberance on the back. 
Hence not only does the preserved skull of one of the 
most important group of the Whalebone whales 
(the Cdotkarimn) oblige us to maintain the animal 
to have been one of the smooth whales, but we are 
also enabled, from this circumstance and the geo- 
logical period, to conclude that these whales did not 
poHHOBH either furrows on their breast or fins on 
their back. 

The time of the fullest development of the 
Cetacea belongs to the Miocene period, when they 
had associates in the large and also numerous small 
Whalebone whales, for instance, the Cetotherium 
just mentioned, which is closely related to the 
present Bearded or Whalebone whales (from two to 
ton feet long), and also the Dolphins and the Zeu- 
glodonta. The last-mentioned group is formed of 
the two entirely extinct genera, Zeuglodon and 
Squalodon. 

Brandt has m detail urged it as improbable 
that Zeuglodon, as is often supposed, can be 
regarded as an intermediate form between the 
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Beals and whales, the shape of the rIuiII and 
the strong nasal hones covering the nasal cavity 
having heen thought to indicate this. Their length 
varies between twelve to seventy fctet. Tlu‘y belong 
in America to the Eocene, in Europe to the Mio- 
cene period. 

Sipialodon approaches closer to the iJolphins 
than does Zeuglodon, more particularly by the 
jiosition of the nasal bones and the efUTesjtonding 
displacement of the other boiuis. Its teilh (Fig. 
47), lilio th(.)H(i of the Zeiiglodonta, remind ontj of 


the Seals. Tlui dental formula is : i c J, 

7 

7n F. The eomproHsed mohirs, wliadi are pyra- 

inidical in form, show a certain (txtermil resemhlanee. 
to the teeth of tluj Sharlis. 

Ah the Zeiiglodonta - including the Sf]naIodonta 
—are not yet as far adviuictid in ilie transformation 
of their slcull as the Delphinidae, it has never oc- 
curred to anyone; to regard the Dolphins as ances- 
tors of the Zeiiglodonta. Kueh a sup})osiiinii \v<mld 
be as irrational as if W(! witc. to imagine the 
Antcilope.s d(!H(;ended from Dxeii. On tlu! other 
hand, however, as great a dilViculiy would ha.v(! to 
he faced were we to suppose, that nnimals of tin; 
H(]ualodon species had left di-H(;enduutH of tlie. 
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l)r)lphiii species. We do not speak of the dolpliin- 
like whalcB with reduced dentition— the Nar- 
whiili'K ; these are side branches of the main stem, 
th(! members of which are distinguished by numer- 
ous ti^eth of the same shape. The teeth are always 
growing and have no closed roots, wherein they 
rescniihle those of many of the reptiles. Now 
Jhiumo, for various 
good reasons, has 
nuide it seem probable 
tluit tljo ever-growing 
ti'etli of mammals are 
an ancient inherit- 
ajice, and that rooted 
teeth, on the other 
hand, arc a now ac- 
(pusition. If Baume 
is riglit in this, we 
have no connecting 
link for the Dolphms, 
and naturally none either for the Whalebone whaks. 
All the three subdivisions— Zeuglodonta, Dolphins, 
and Whalebone whales— are found side by side in 
the Early Tertiary period, and the vertebrse of 
whales have even been found in the Jura. How- 
ever, all that can be said with certainty is that we 



Fig. 47.— Tooth of ScLualodon. 

a, Prom tlie outsifle ; 6, from the side. 
After SUss, 
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have no idea in what iieriod or under what crrcum- 
stances whales came to be dcvcloiDed. What ia 
improbable is that they were descended directly 
from reptile-like ancestors, independently of the 
other mammals. None of theu- peculiarities point 
directly to the Eeptiles, and are all intelligible as 
modifications which were effected by the land 
animal in its transition to a life in wiiter. 

But of what kind w{3ro these ancestf)rH ? Our 
first thought turns to the Reals, wdiicdi, of course, 
have likewise adapted thomselveB to an aquatics 
life. However, in their case, the liind limljs have 
not in any way beccome rcfdiiced, a,nd have only 
changed their position to the pelvis ; whereas tlie 
upper and lower parts of the l(!g are shortened, and 
the feet have heconui broad and hingthencul paddles. 
Hence it cannot be imagined that these animals, 
which are so admirably eijuippc'd for swimming, 
could have struck out a, msw' kind of adaptation. 
There could not have been any use or msa-Hsity 
for this. Honco a c(!rtain risseinhlanee in thti 
teeth can only have been tbe result of e.ouv<Tgenee; 
and Prof. Blowers reminds us that this had long 
since been pointed out by Hunter,' wdio says : 

' John Hunter, ‘ ObHervatioiiH on Iho Htruoluro amt Eeommiy 
of WhiiloH,’ PhilosQ. Trans. 17B7. 
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‘ Tlivrt! are riunicrmis points in the structure of 
whiiles which briiiff them much closer to the hoofed 
animals than to the beasts of prey — for instance, 
th(! complex stomach, the simple liver, the respi- 
ratory cs'f'ans, ])iit mainly the reproductive organs, 
and the Htag(’K relating to the devc^lopinent of the 
fijituH. Even the sknll of Zcuglodon, which we 
admitted sh(nvs a certain lilcoueRS to that of the 
sea dog, shows as iinudi agreement with that of the 
earlii'si pig-shaped ungulates, except in the purely 
ada]>tive character of the form of the teeth.’ The 
objection raised ibat whales arc flesh-eaters, while 
most of tlui Hoofed Animals are true plant-eaters, 
has bc^tiii very projxwly refuted by Ih’of. Flowers, 
wlio points to tlm former predominance of omni- 
vorous animals, and shows that, with the exception 
of the. bigs, which have remained most faithful to 
tlu! anci(‘Tii type, the Omnivora hccamo nifire and 
mor(! true grasH-eaters, while the others developed 
a taHt(! in an oppositci direction, llegnlar fltssh- 
eaters can either not accustom themselvcjs to 
Vf!g<‘tahle food at all, or only in eases of (unergency 
—as we ourselves see daily with the cat or dog — 
whereas wo not unfrequontly find instances of 
the contrary. Cattle oat dried fish with evident 
relish during a northern winter, as is well-known ; 
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and, therefore, the whales may, in the widest 
sense of the word, be classed with the primary 
Hoofed Animals, which still possessed five toes and 
differed as much, and even more, from the present 
group as the primeval horses from the horses of 
our day. 

The period when whales were most abundant 
was that of the Middle Tertiary, when, as already 
stated, the present Europe-Asiatic continent was 
for the most part under water. Brandt gives a 
very graphic description how the Cetacea of those 
temperate zones may have ceased to exist with the 
disappearance of that ancient ocean. And as the 
account is of general importance w(j will qufite his 
words ; ‘ The dying out of marine animals appears 
at first sight more strange than the dying out of 
land animals. We are apt to irnaginci that the in- 
habitants of the sea — in their far-reaching element 
animated everywhere more or less by living creatures 
— have a bettor opportunity of withdrawing from 
such external influences as affected theun injuriously, 
without thereby experiencing a want of food, par- 
ticularly if the hurtful changes were not sudden. 
As an example of an earli(ir ocean of this kind, 
extending from Western and Southern Europe to 
Central Asia, wo may take the iinnumst! ocean 
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\vhi(‘]i in tli« Miocene, and proljably lasted 

))(‘3'oiid that ina'iod ; when largest it extcaided to 
tliii Arctic rxican, and also communicated with the 
tropical seas in tin*, south. An ocean of this hind 
would not only confer a higher temperature, upon 
the, centra] zones, hut would alsf) essciiitially con- 
triliute to the warmth of the northern rctgions, 
and further, would not merely favburaldy affect the 
flora, ])ut likewise giv(i the fauna a very different 
charaetiT to what it shows nowadays. This con- 
dition was, however, hy no means a permanent 
one. Tin! gradual rising of the land led to a 
separaiion (d’ the Houthern, suh-tropio or tropic 
H(!as, and to a lesscaiing of the oxtcait f>f the great 
oct!an itself, and its temiX'ratuiH! would likewise 
d(‘c,rtaise. Tliis was still more the case, however, 
with the gr(!at (connecting sea in the north, morci 
p'.irticularly wlnsii its separation, and gradual dis- 
appea.vamse, , resulted in its l)GComing inore or 
less detacluul basins. The former luxuriant and 
fuller vegetation and animal lif(! on the continent, 
wliich had been favoured hy a warimu’ and moister 
climate, changed tlndr character and Ixicamc! less 
exuberant. Less organic matter being produced 
on the land, less was carried to the occian, where 
it served numerous small marine animals as food. 


s 
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while, at the same time, the afflux of fresh w’ater 
exercised a greater mfluence upon the lessoned 
amount of sea water. These circumstances, which 
reduced the food of marine animals — nay, wdiich 
was obviously detrimental to their existence —were 
accompanied, moreover, by the gradual si‘paration 
of the groat ocean into nunufroiis basins, octaisioned 
by the rising of the land already nlluded to ; this 
prevented tho5 animals from migrating, and the 
altercsd condition of the water inc, refused e.vcui 
farther owing to the scfparation. As a proof of 
this we luiYCf the lllack Hea, the C/aspian, and the 
Aral Besa, which romaimfd longest in connection, 
and several other seas in (jcsiitraJ Asia, d’hose 
species of inv<!rt(!brateH and Ibshes which, owing 
to their peculiar organisation, could exist only in 
large, open seas, and not in an inland sisa with a 
lessor amount of salty sub.staiua's, and wer(‘ unal)l(! 
to accommodate tlnaiisclvcs to the* chang(j In the 
physical, thermal, and bhdogicad conditions, died 
out together with the Ctitacea,. Those that sur- 
vived and were aide to adapt tlKiinsehaiS to circum- 
stances, like some of tli(! iiKdliiscs, I've,., decixfuscd 
in smc.’ 
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8. THE CARNIVORA, OR FLESH-EATERS. 

The ftToiip of our present flesh-eating mammals 
which has heon most carefully examined as regards 
specialisation of the dentition, and whose geological 
appearance has perhaps left most traces and points 
of connection — is that of the Dofjs, or Canidce. We 
shall, therefore, take this group as the starting- 
point for oiir cf)mparative examination. 

The dog, like all the other Carnivora, possesses 
live toes on its front feet and four on the hind feet, 
with non-retractilc claws. Those who wish to 
obtain oven a limited view of the relationship 
biitweun the main genus Cants and some of the 
Hub-Hpecios, and various other forms allied to 
these, their geographical distribution, &c., in the 
hope of finding some indications of the lines 
which partly vanish into primeval times with- 
out leaving any trace, but again in many in- 
stanctis showing a connection with definite palte- 
ontological facts, must first of all make them- 
selves acfiuainted with the dentition of the group. 
One tooth more or less unmistakably determines 
the date of one or more of the geological periods. 
The position, size, and disappearance of the teeth in- 
dicate, with almost the same certainty, the rclation- 

s 2 
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ship between the species which ranged separated 
over half of the earth’s .surface, or they point to 
the different origin of those which live almost 
within the same range of distribution. The 
certainty with which a imlffiontologist worlis — l)y 
making use of means which appear absolutely 
valueless to an unscientific person — can be appre- 
ciated only by thoso 'who have acquirod at least 
some knowledge of the way in which the work is 
accomplished. This again shows wduit little weight 
can be placed in the perpetual assertions of ini- 
Bciontific persons, that the followers of tlie. theory 
of descent are not in tluj position to proven tluj 
transformation of species. 

Everyone knows that the dtiiitition of tin*, fox 
{Canis vnlpan) consists of very differently formed 
teeth (Eig. 48), which, however, agree in so far 
that the crowns show an unbroken covt'.ring of 
enamel ; in this the molars, more c‘spe(tially, differ 
strikingly from thosci of the Hoofed Animals and 
many of the Itodciits, wlmre the. crowns have com- 
plicated folds of enamel. Tin*, dental formula 

IB : — ^ g, c iwi VI For our i)iiri)oso here; 

it is the molars almost exclusively that come into 
4 2 

consideration, hence , : . Thus the geims J )(}g 

'48 o o 
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han in the upper jaw four premolars or teeth that 
have replaced the milk-teeth, and two molars. Of 
the premolars the fourth (i^i) is remarkable owing 
tf) its size, compressed form and sharp edge, also 
by possessing an inner process in front ; this is the 
earnassial or ‘ flesh-tooth.’ Corresponding with it 



Fia. 48. — Jaw of the Pox. After Hnxloy. 

below we have not thop'^, but the first of the three 
molars or grinders, m The connection and origin 
of the different species of Dogs is determined by 
the, in some cases, undistinguishable shades of 
difference in the tubercles and i)rocesses, by the 
distances of these points from each other, and hy 
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the length and breadth of the teeth, the measure- 
ments of which have to he made by the tenths 
of millimetres, and thus we finally have an 
animal of the dog species of the present day not 

2 4 

with - , hut with -- molars, and we may there- 

3 4 ^ 

fore draw the very prol)ahle inference as to the 

Eocene ancestors of the present Ganidfo. In the 

above remarks we have principally followed an ex- 
tremely clear account given by Huxloyfi 

If several small differences are taken into con- 
sideration, the various species of the genus Bog 
(Canis) may be formed into two groups, the one 
reprcBonted by the Common Fo.v, the other by 11 lo 
Braiail fox (Canis nsim/i). These difforeiices relate 
to the frontal dcjprcssioiis— wdiich are eiitirtsly want-' 
ing in the fox and arc strongly dcivolupi'.d in tin; 
other group — and to the form of the front part of 
the brain. By the side of the fox w'o Imvo Canis 
fiikms,ar(jiintatm, littoritlis,^irtht, hujopas and others; 
on the other hand the Jackals and Wolves, all varied- 
ties of the Domestic Dog, (hmis tdithns, lafrans, nn- 
tai'cticuSf magdlanicus, mncrivoriis, varieti(!S of the 
Dingo. In both groups Bubdivisiuns have again to 


' Hnxley, ‘ Cranial and Doiital ChametorH of the Canitlii!,’ 
Proc. Zool. Soc., IHSO. 
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be made in accordance witli tlie form and strength 
of the carnassial tooth. However, even when a 
good idea of the Fox and Wolf type has been ob- 
tained, the differences finally merge one into the 
other, and thus here again comes an end to all 
systematic arrangement. 

In all the above-mentioned animals of the dog 

2 

species the dental formula of the molars is The 

agreement of the lobes, processes, and tubercles of 
the teeth is such, that blood-relationship appears 
certain if the alternative of convergence or inherit- 
ance is properly considered. 

Wo must now refer to the question of the origin 
of the domestic dog.' That the whole line of foxes 
has nothing to do with the dog has long been an esta- 
blished fact. On the other hand, Darwin endea- 
vourcKl to prove that various wild tribes of men in 
different parts of the globe tamed native wolf-lihe 
animals, and that the crossings of these species and 
breeding of various kinds produced the domestic 
dog of our day. This opinion of Darwin's has been 
somewhat modified by L. H. Jeitteles, a careful 
authority on the domestic animals. According to 

‘ Darwin, The, Variation of Plants a7id Animals under 
Domestication ; JeitteleB, Die Stammvater unsercr Hmide-Bassen. 
Vienna, 1877. 
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him the wolf {Cams lupus) has no connection with 
the European and west-oriental races of Dogs, the 
connection being mainly through the Jackal and 
the Indian Wolf {Ganis jiallqu’s). The races partly 
lead hack into prehistoric times. Closest to the 
Jackals we have the so-called Turf-dncj, known 
from the turf deposits of the lake dwellings, and 
which is probably the ancestor of our Pomeranian 
dogs. Allied to it wo liave the terriers and turn- 
spits. From Canis palUpcs is descended the so- 
called Bronrse-Ih(i, which most probably came to 
Europe with human immigrants from Asia, and 
with it the sheep-dog of Central Europe, the larger 
sporting dog, the poodle, cnr-dog, and bull- dog. 
The ancestor of a third group may perhai)S bo 
found in the largo jackal {CnniH lupnsfcr) of Noi'th 
Africa, to which we should also have to refer the 
ancient Efjj/iJtian doff, the Oriental street do^,, and 
the ivild, d()(j of Africa. 

This does not as yet settle the question as to 
which fossil forms may bo concealed among the 
numerous races of the domestic dog. Various con- 
jectures have been made, norm of which, howciver, 
are based upon any special reasons. According to 
Blainville’s opinion, a Diluvial specioH of a gentle 
and sociable nature— 'no longer existing in a wild 
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state — must have been the primeval form of the 
domestic dog ; but after what has been said above, 
this general way of settling the question must be 
regarded as one that no longer holds good. ‘Wold- 
rich’s ’ views show a greater amount of probability, 
and have lately been taken up again ; he maintains 
that our domestic races are descended from several 
wild forms of the Ganidse of the Diluvium, and 
herein he agrees with what Darwin and Huxley 
have stated regarding the relation between the 
Domestic Dog and the living Jackals and Wolves. 

It may with certainty be maintained that the 
direct ancestors of the European Wolf are to be found 
in the Diluvial deposits. Formerly a huge animal 
of the wolf species was distinguished as the Cave 
Wolf, without there being any distinct character to 
separate the two forms. A third form of wolf— 
Cania Hiimii, from the Loss near Yienna— is de- 
scribed as a slim but powerful animal, strong 
enough even to pursue and overpower the larger 
species of plant-eaters. It is, in fact, one of the 
eight species of wolves which can be disthiguished 
during the Diluvial early ages of man. And in 
addition to these there are about five kinds of foxes. 

1 Woldrich, ‘ Wildo Caniden des Diluviums,’ Wiener Denk- 
sohriften, 1879. 
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In now returning to the living Canidse, several 
species demand our attention, one of which is 
described as Icticyon venaticus, a native of Brazil, 
the other under the generic name of Cyan, inhabit- 
ing the countries to the north and north-east of the 
Altaian mountains. These dogs do not possess the 
third molar in the lower jaw, and the m in the upper 
jaw is so small that a reduction api^ears to be immi- 



Pia. 49.— Lower Jaw ot Icticyon. After Iluxloy. 


nent there as well. It is in the natural course of 
things that one or both of the first premolars, or 
the last molar, should become useloss and forced to 
disappear, by the neighbouring tooth being specially 
taken into requisition, although in most cases we 
do not know the immediate reason of this.‘ The 

' Any of our readers wlio can oxamino tlio head of a dachs- 
hund may convince themselves of the fact that the first pre- 
molar above and below can scarcely bo of any use to the animal ; 
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other circumstances of the structure of this group 
do not lead us to expect anything special from this 
concentration of the dentition. In former times, 
however, as we shall soon see, a most varied develop- 
ment of new genera of Beasts of Prey began with 
dog-like animals. 

Much more interestmg for the purpose of our 
investigation here is the Otocyon lalandii, the spoon- 
dog of South Africa, so called from the peculiar 
formation of the skull. Its habits show an approxi- 
mation to the Poxes, yet as regards dentition it does 
not show this affinity, inasmuch as it possesses 

i ; - molars, and also shows the most remarkable 
4 4 

differences in the relative size of the single teeth. 
As already said, the spoon-dog is in many ways, 
and as regards dentition, shaped after the fashion 
of the dog type, and can thus scarcely be dragged 
out of this connection, and we are compelled to 
look upon it as a still existing primary form of dog. 
The whole palteontology of the Vertebrates ' shows 
that the many-toothedness of Mammals is an 
inheritance from their lower ancestors, and that 

it is a little stump wliicli does not come in contact with the 
opposite row of teeth, and is frequently wanting altogether. If 
the dachshund is not forcibly suppressed as a species, its denti- 
tion will one day inevitably be reduced by one premolar. 
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any increase of the teeth within a class has prob- 
ably never taken place. 

2 2 

As our dogs, with their - : - molars, have no 

doubt been descended from fuller-toothed animals, 
Otocyon must be regarded as the still living 
representative of the early type of dog, which in 
other characteristics shows more affinity to the fox 
family. But as there also exist species of the group 
Canis asarm with very small frontal depressions, it 
is, as Huxley says, very difficult not to imagine that 
these too must be traced to ancestors of the Otocyon 
type. From this species, therefore, we should have 
to derive the two lines which diverge into the fox 
on the one hand, and the wolf on the other. We 
are supported in this view by the observation that 
the South American Cams cmicrkorus often pos- 
sesses the and thus shows itself to be another 
remnant of the primary form. A fourth super- 
numerary molar of this kind is not a monstrosity 
or pathological phenomenon, but an atavism or 
reversion of the same sort as the so-called wolf’s 
tooth in Horses, which was explained as a pre- 
molar which existed in the primary germs Anchi- 
theri'im. 

Hence the key to the derivation of all the Dog 
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tribe is to Ijo found in their relation to the spoon- 
dog. What Huxley states regarding the simi- 
larity lietweon its dentition and that of the lower 
hear-like gcuiera is certainly well worth conside- 
ration, ljut is of less importance than the con- 
clusion he draws from a discovery of his own. In 
several hundred different species of Dogs he 
found fibrous formations which are said to corre- 
spond with the marsupial liones {omi epijjvhica), the 
distinguishing featui’e of the Marsupial gi’oup. If 
this observation hcicomes an established fact, the 
direct descent of dogs from Marsupials would seem 
in the highest degree probable. However, as one 
of our first comparative anatomists has maintained, 
we still require further jiroofs for Huxley’s observa- 
tion. In imagining the Dogs connected with the 
lylarsupials we Bhould not, in the first instance, 
have to consider our present carnivorous Marsu- 
pials {Thyhicimis, Jhi^j/urus), whose row of molars 
consist of one tooth less than that of Otocycm, 
3 4 

and are generally characterised as p m The 

Marsupial Rats would more likely have to be taken 
into consideration. They are the only known 
animals from the Eocene with four molars. More- 
over, by using the flat part of their hands and feet, 
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and possessing pointed, tnbercnlate molars, they 
point to the Inseetivora. For another circumstance 
to he considered is, that various peculiarities in the 
teeth of the lower CanidsB show approximation to 
the dentition of the Inseetivora ; and the occurrence 
of rudimentary clavicles and the rudiment of a 
fifth toe on the hind limb, also clearly point to 
ancestors with well-developed clavicles, and the full 
number of five toes. All this is found united in 
the Inseetivora : hence our present dogs have been 
traced back to the Eocene and Pre-Eocene Insect- ' 
eaters with certain peculiarities of the Marsupials. 

This derivation of the Dog tribe — which is based 
mainly upon deductions from the present nature 
and distribution of the' group — goes back, therefore, 
into that dim twilight which, in the opinion of 
Cuvier and his followers, could alone precede the 
dawn of true light in the mammal world. We 
shall have to dwell a little in this Eocene period 
and look around among the incredible wealth of 
mammal forms, which seem, as it were, to have been 
re-animated by Filhol’s graphic descriptions (see 
above, p. 64). We shall obtain some idea of the 
vigour of that exuberant, plastic life if, in place of 
the few Carnivora that are now inhabiting France, 
and indeed Southern and Central Europe, we ima- 
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gine in one part of South-western France, of Carni- 
vora alone, some forty species from the size of the 
marten up to that of the most powerful wolves and 
bears. They lived, as the vast quantities of their 
remains testify, partly in herds ; and of food there 
was an abundance in the corresponding numbers 
and varieties of plant-eaters. , 

First of all comes the Viverrine Dog {Cyiioclictis) , 
which, although possessing the dental formula of 
the Dog 

.31 4 2 

< 3, ^ m 3, 

(of which, in the upper jaw the fourth premolar, in 
the lower jaw the first molar stands for the carnas- 
sial tooth) had a very narrow skull, with broad, 
strong cheek-bones — an admirably developed beast 
of prey between the size of a fox and a wolf. 
These animals, Filhol says, are curious and very 
peculiar forms, in which, after a very careful ex- 
amination, certain points are at length discovered 
by which they show affinity with our present 
Carnivora. But in spite of every effort to bring 
them under one head, it cannot be done. And 
hence we have to assign to them an essentially 
distinctive character, a position outside the cus- 
tomary classification, and one, in fact, which 
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approximates the living families. The French 
investigator means to say that they are dog-like 
animals, but not dogs ; that, in fact, they cannot 
be classed with any one of the present families 
of Carnivora, although showing the character- 
istics of the class in the various parts of their 
skull with which we are very well acquainted— the 
mid jawbone, gums, alar j)rocesBes, tympanic bones 
— as well as the form of the skull as a whole. We 
should not exactly say that the animals stand be- 
yond our system of arrangement, but that they do 
away with existing gaps. This is most obviously 
the case with their dentition. In most of these 
forms of Cynodictis— which can be defined as 
species — the teeth are all well marked and developed 
according to their position. lint in Cynodictis mUr- 
7nedm, the last lower molar, is so small that it 
is evidently of not much use, and we may rely upon 
its gradual disappearance. Were this to happen 
we should then have the dental formula of the 
ViverrsB. And it does happen: the race named 
Cynodictis intermedins vivcrroidas from the C. inter-' 
medius has become a Viverra. 

With the loss of that molar there arises a small 
modification, hence one connected with the im- 
portant carnassial tooth of the lower jaw; and 
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what is most remarkahle, the same loss is met with 
ill two other species {C. crassirostris, leptorhijnchus), 
the same modification of the earnassial tooth. It 
is not known what change in the mode of life 
caused these same changes in the teeth in several 
different species. We are content with knowing in 
what manner so-called new species and genera 
appear on our earth ; in fact, not suddenly, but 
by imperceptible shades of difference, which in- 
crease in the course of thousands of generations, 
until, finally, what seemed at first an exception to 
the rule becomes the prevailing slate of things. 
The objection so frequently brought forward 
that those ‘ accidental ’ deviations would always 
again be neutralised by crossings with unchanged 
members of the species — if geographical isolation 
did not come to assist them — have no founda- 
tion whatever; for our discoveries in palseonto- 
logy prove the contrary. It must be remembered 
that the expression ‘ accident ’ applies only in so 
far as it conceals our ignorance of causes and 
occasions. In many cases— for instance, in the 
transformation of Mastodons into Elephants — 
we can with some certainty determine the altered 
conditions of food to which the teeth had to adapt 
themselves. 
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Aad in the present case we have only to deal 
with an established fact, that the Viverrcs are the 
descendants of the Yiverrine Dog, Cynodictis. 
There can he no dispute about this. Hereupon 
commences a new series of modifications, and from 
the Yiverr£0 are descended the Weasels. 

We now pass from the Upper Eocene of the 
phosphate of Querey to a somewhat later period, 
which produced the Lower Miocene deposits of 
Saint Gerard le Puy, on the Allier. Here is found 
the Plesictis, a carnivorous animal distinguished 
from the Yiverrae mainly by the form of its head. 
Eilhol i)oints out that a ‘ comb ’ (crista) of the 
sagittal suture not previously existing, has been 
formed by a contracting of the temporal ' combs ’ 
of the Cynodictis ; in other words, that we 
have the perfectly justifiable conclusion that 
smaller species of Cynodictis passed over mto the 
form of Plesictis under the infiuenee of natural 
causes. 

In the races directly descended from Cynodictis 
a change takes place in the nature of the teeth, and 
the dentition assumes more and more the character 
of that of the weasel, while, on the other hand, the 
-.peculiarities of the Yiverrse disappear ; thus the line 
Plesictis — Stenoplesictis — Palesojmonodon leads in 
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gentle modifications to Mustelci, and henceforth 
there exist weasels. 

Equally distinct are the intermediate forms 
by which is accomplished the transition from the 
weasel’s dentition to that of the Cats. The genus 
Proailurus appears likewise with two tuberculate 
teeth in the upper jaw behind the carnassial tooth. 
But single species of the genus sometimes show a 
loss of the back molar, and herein approach the 
cats ; the back edge of their carnassial tooth, more- 
over, loses a tubercular heel or process. By this 
small modification ProccUirus has become Pscwl- 
ccl'urus, inasmuch as the modification was general and 
continued for some length of time. In comparing 
the following statement of the simplification of the 
molars of the lower jaw : 

Proinolars Caniastiiiil Tubercular teeth 

4 11 — Pi 

4 1 0-Pi 

3 10 —p„ w, 

which have actually been observed, and which 
shows, moreover, that the front premolar has 
also become reduced — it becomes clear that the only 
distinction between a Pscudcdimis of this kind, for 
example, Ps. JSffewdsiiand our present eats, is that 
it possesses a minute premolar. Hence the great 
simplification in the number of teeth which Eilhol 

T 2 
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was able to establisb. in these animals, justifies 
the sui)position that this small piece will disappear 
later, in the same manner as has happened 
previously to the one that existed in front of it ( 23 *), 
and had previously happened to the tuberculate 
tooth . The genus Felis herewith appears upon 
the scenes. 

The concentration of the dentition did not re- 
main stationary at the stage acquired by the cats, 
3 1 

2 ? j ; the highest degree of specialisation was 

attained by the so-called Sabre-toothed tiger {Ma- 
chaii'odus) with the dental formula ; 



with 26 teeth against 30 in the cats. MaaJictirodus, 
an animal somewhat the size of a tiger, possessed 
in ’ its upper jaw a powerful sabre-shaped canine 
tooth which projected from the mouth downwards 
extending beyond the lower jaw. This lower jaw 
shows an indentation obviously produced by the 
pressure of the huge upper canine teeth as they 
became more and more developed and endeavoured 
to make room for themselves. The cause of the 
dying out of this most definite of all the Carnivora 
of the period, has been attributed to the extra- 
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ordinary doYelopment of these tusks, the length of 
which hnally may have prevented their opening 
thcdr jaws siifaciently. In answer to this it can 
(jnly 1)e said thfit a bad hypothesis is better than ' 
none. The sabre-toothed tiger appears and dis- 
appears in the Miocene deposits both of the Old 
and the New 'World. 

Pfiitudfdurus was shown above to be an inter- 
mediate form between the weasel and the cat. 
This does not eJcclnde other intermediate forms. 
One of those is the JElurogalc, also the size of a 
tigm’ and found in great abundance in the phos- 
phate of Quorcy. Its upper jaw resembles that of 
Oats, the lower jaw shows the teeth of the Muste- 
lidie (weiisels and otters). The races arrange them- 
selves in such a manner that, notwithstanding the 
extruoi'dinary variations in the size of the teeth-— 
ill those wiiich deviate most from the primary 
form— the lower jaw also has preserved the Cat 
formula.' 

’ Wo Hliall not refrain from pointing out the difficulty 
wliioh iH mist with in this apparently simple line of descent. 
Of all the living Carnivora the Cats possess the most perfect 
rudimentary clavicles, the others have either smaller traces of 
these or none at all. All the ancestors of the Cats must at least 
have poBBOBsed olaviolos such as are still met with in the Cats. 
And it is quite intelligible that the clavicles should have con- 
tinued to exist in Oats, owing to their have retained the habit of 
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In order to illustrate our remarks we have 
drawn up the following piece of pedigree 

Viverrine dogs (Cyiwdictis) 

VlVEBB® 

I 

Plesictis 

I . . 

Stenoplesictis 

I 

Pi'Ofeiurus Palssoprionodoii 

I ' I 

PseudteluruB 'Weasels 

Cats 

1 

Sabre-toothed tiger 

The above is the shortest way of expressing the 
result of a long series of the most careful com- 
parison of facts, and has as much right in claiming 
to be credited as any other conclusion deduced from 
scientific investigations, in whatever province the 
facts have been gathered. When it is 'admitted that 
the philologist can arrange the age, connection, and 
succession of manuscripts, in a tabular form, from 
the character of the writing, from the use of signs 

climbing, while in the other animals they would liocame more 
and more reduced. Naturally onough wc do not Icnow tho 
particulars connected with this reduction. But should wu suc- 
ceed in establishing the want or a greater reduction of tlu* 
clavicle in one of the branch families in tho above pedigree 
(arranged according to tho development of their dentition) our 
whole arrangement would of course collapse. 
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and -word-forms, &;c., and that the literary historian 
may conclude that a certain work was written hy 
a certain fiuthor, from the style of the composition 
and certain modes of expression, &;e. ; and further, 
when it is admitted that a lawyer, hy the com- 
bination of passages, all of which arc o])scure, can 
throw light upon a case of Homan law, then I 
maintain our procedure also— -a zoologico-paL-e- 
ontological method of investigation and drawing 
conclusions — must be granted as a matter of 
course. 

The descent of Weasels and Cats from those 
changing forms of Cynodictis, therefore, prescmts a 
great degrecj of probability hut no actual ccsrtainty ; 
for different animalfl that appear geologically almost 
as contemporaries, may occur parallcd with one 
another with precisely similar dental formulas and 
rediiciions in the jaw. However, we come, to the 
ccirtaiu conviction that the transformations atitiublly 
t()(.)k place, and that our present animal could and 
must have originated in that natural manner. 
And as it is mainly our wish merely to pave the 
way for this opinion, it will hci almost superfluous 
to enter any morci fully into the primary and tran- 
sition ff)rmH l)etween the present and the primeval 
Carnivora. 
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It may, however, be remarked that our Bears 
had representatives in the Miocene. In those times 
there existed the Am.i)hicifon, of the size of a wolf, 
but in reality a dog with the broad crowns 

of the first two molars showing the incomings of 
tubercles which point to a definite form of food. 
This characteristic is even more marked in a later 
form of bear-dog, llif<(mar<i()s (^d, in?), and has 
preserved its full development in the laiar {Unas) 
from the Pliocene up to the pixiscnt period. How- 
ever, the fewer number of teeth of tlie Hyicnarctos 
again forbids its being classed with the acdual 
ancestral line of the Pears. Tlie latter wltli their 
flat tuberculato molars, which point to a fixed food, 
and th(!ir tolerably blunt c.arnassialH, ans compara- 
tively a late modilication, to a (fertain exteiit a 
reversion to the beast of prey. T'his cliaract(ir 
has, however, been retanusl by tins polar luiar, 
which has again bcconui a pure llesli- and fish- 
eater, 

Gaudry has pointed out an ancestor fur llyamas 
in the genus htitherinm from among th(! fauna 
discovered at Pikenni. All that was re(piired in 
this animal to give its dentition tht; formula ami 
structure of that of the Ilyiona, was the disappiiar- 
ancG of the second molar above and below (and the 
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upper one already shows signs of reduction), also 
an extremely small difference in the carnassial 
tooth. Indications even existed in the Ictitherkom 
of the peculiar strength of the premolars of our 
present hysenas, which show a predilection for 
gnawing and crunching bones. Animals of the 
Viverra type seem to have been the ancestors of 
this branch. 

In the Lower Eocene strata of Europe, but more 
particularly in the corresponding deposits of North 
America, numerous Carnivora have been found 
which differ more from the living families than 
most of the fossil genera that were brought into 
connection with them above, and which, moreover, 
can be brought into this connection, although, 
taken as a whole, they prove to be but the first 
stages of very highly developed beasts of prey from 
the Upper Eocene. The characteristic which most 
distinctly indicates the low position of the Early 
Eocene beasts of prey, is the small development of 
their brain, which is known to us from the form of 
the skull, and from natural fillings and castings. In 
their case the olfactory lobes appear as broad pro- 
cesses of the fore end of the larger division of the 
brain, the mid-brain being scarcely covered by it, 
the back part not at all. As regards Europe, the 
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Arctocjjnn (Pakeocyon hluinriUe) ’ lias long since 
been known as an animal with a brain approaching 
that of the Marsupial type ; ivliereas its dentition, 
which resembles the earlier form of pig-shaped 
animals, Entclmlon, points to the Omnivora, while it 
has also something of the bear as a flesh-eatm'. 
Further, we must mention the llyaniodon and 
Ptarodoii, so often referred to, and usually d(dined 
as ‘ mixed forms ’ ; they appear somewhat later, it 
is true, but, nevertheless, show rcsenildances to the 
Marsupials — for instance, in the form of their t(^eth 
they are closely allied to tlu^ Thylacina', though not 
as regards their change of t(ieth. 

With these animals-- which an* partly also 
found in Aiiuirica — Cop(i (dassca a whole series of 
American genera of doubtful position mostly from 
the Eocene ; Ikj gives them tlui name, of (hroilonhi, 
and regards them as the amusslors of thesubs(^({uont 
Carnivora proper. In tladr cas<! tluj row of molars 
is not separat'd deihiitely hy a cfirnasKial tootli, or 
l)ut imperfectly so : the jaws u.ns huigtliened, and 
the muscles for chewing are placed in sue.h a man- 
ner that only a smaller degree of power ean he 
developed than in the siihstupient triui Carnivora ; 

‘ Lcuioiuc, ‘ Ilciclierelica Hur les osHciiitnitB tlr.H 

cnvii'onH du lluiruH,’ Anwdes dcs Hcicnccs nat., 1H7!). 
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these latter, l^y the shortening of their jaw and the 
reduction of their dentition, were all the better able 
to overpow'er their prey. 

One of the most important forms of these Creo- 
donta — because extremely numerous in New Mexico, 
and found in three species in the phosphate of 
Qnorcy — is Ooci/_0na. The species vary in size 
between a badger and a jaguar. The dental for- 
mula is : i ?, c i, m ~. Herein, therefore, 

the Eocene fauna of the Old and the New World 
again show connection. 

We are the less inclined to enter upon an 
account of the five families of Creodonta,' because 
the grouinng, the assumed connection, and, above 
all, the derivation of our present large group of Car- 
nivora, the dogs and cats, often seem to be in want 
of those safe foundations pointing from case to 
case, from genus to genus, which Eilhol’s investi- 
gations and deductions have made so incontestable. 


In order, however, to give those of our readers 
specially interested in the subject some suggestions 
for further enquiry, we may here mention the 

’ Arotocynoida), Miaoidfu, Oxyronidit*, Amblyctonidte, Meso- 
nychidiD. ' ' 
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systematic relationship into which Cope ^ has placed 
the Creodonta. 

The mammals from the Wasatch beds of Utah 
and of New Mexico have been divided into iifty- 
four species, most of wliicdi are distinj^iiishcfd ])y a 
very small and evidently low form of brain, to 
judge from the structure and position of its parts. 
That of G(m/j)hodon (Uig. 14) appears almost like 
that of a reptile, and in this character the TToofttd 
and Clawed Animals agree. They also agree in tlu! 
structure of their joints, the different parts of their 
limbs, and also in the luimlasr of their toes, of 
which five were observe.d in from forty-one to fifty- 
four species, in the flesh-enters tluTe is no car- 
nassial tooth; in the plant-eaters no t(!etli with 
crescentic crowns ; all the nuilars belong to tlu! 
type of tuberculate t(!eth, eitlmr in primitive, sim- 
plicity, or of that form wheiai tins tubercles arti 
compressed to the side, and coalesce, into imperfect 
transverse ridges. On this account tluf animals 
have been named liimnthnria, and ari; arranged in 
the following manner : — 

» Insectivora, Tmioilonta, Tillodonta, Cmnlontii, McHoiloutii. 

Bunothcria. 

There can be no doubt that these .Uarly ihjct'iu! 

' Boo 1 ). 72, nolo. 
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animalB— owing to the above-mentioned pecnliari- 
tieR — show a certain necessity for being classed 
together, and it is self-evident that they must stand 
nearer to one another, were it only on account of 
the amaller period of time since their separation 
from the primary stock, ^vhich must be assumed to 
have been common to them all. However, in our 
opinion, tlu^ characteristics specified above go no 
further than to indicate a most general form of con- 
nection. When Cope maintains that the different 
groups of Bunothoria are related to one another, 
somewhat in the same way as are the orders of 
Marsupials, it seems to us that this scarcely applies 
to the case. To give an example : what has Tillo- 
thtiriwii from the Eocene of Wyoming (Fig. 50) in 
common with the flesh-eaters Aretocynn and 
(h'.yama^ By tho smallness of its brain most 
certainly nothing ; nor hy its five toes, and the cir- 
cumstance that the whole sole of the foot is applied 
to tho ground. The resemhlances in the molars are 
not remarkable, while the decidedly rodcnt-like form 
of the incisors only proves the peculiarity of the 
animal. Any typical feature — such as the marsupial 
pouch or the marsupial hones, or tho openings of 
the urinary and genital organs peculiar to the Mar- 
Bupials— is not mot with in any of these animals, 
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as far as can be judged from the often great paucity 
of their remains. 

Only one point stands out in this attempt to 
throw light upon the relationships between the 



Fia. 50. Skull of Tillothorhuu fodiiins, from aliovn, Oim-foiirth 
nat, nha. After MarKli. 

mammals of that early period ; the indrawiiig of 
the Insctitivora, of that type whkdi has la'on pretty 
faithfully preserved from the earliest tractis of 
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Marsupials or Insectivora in the Trias down to the 
present day, and which seems to have gradually 
sent out off-shoots in the most different directions, 
till at length they Ijecame unrecognisable. 

9. THE SEALS. 

According to the form of their skull, dentition, 
and mode of life, Seals are ’ ‘ carnivorous animals 
that hav(i adapted themselves to a life in water,’ 
and in this way they are generally described. In 
orde.r to make the theory acceptable, it is customary 
to point to our Sea-otter, which, unlike its nearest 
relative that thirsts for warm blood, has become a 
pure iish-eator. The Sea-otter uses its hind limbs 
after the manner of seals, and its skull shows a 
deprcission of a similar kind to that which has 
proved advantageous to the Seals. Heirce, so it 
is said, we have to imagine the ancestors of the 
tieals on that line which has led tlicmi farther and 
farther from their original forms, which very gra- 
dually changed their lim])s into fin-shaped rudders 
(while perfectly retaining the pelvis and the articu- 
lation of the skeleton), and whose skull became a 
light, thin-walled box not burdened with strong 
teeth. Only the Walrus has developed 

a couple of heavy tusks, corresponding with its 
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entirely different mode of life, inasmuch as it 
burrows in the ground for certain kinds of mussels. 
All the others hunt for fish, which they can readily 
tear to pieces with their sharp canine teeth and 
pointed molars, which are compressed somewhat to 
the side. 

Of fossils that might illustrate the gradual in- 
coming of Seals there are none. Wo conclude that 
the process must, at one time, have hogun with 
carnivorous land-animals. The idea that the re- 
verse might have been the case by their having, as 
soa-animals, taken to a life on land, has as little 
value here as in the case of the Cetaceans, which 
are mammals, and have never been anything else. 
The period during which they changed tlieir ekuiieiit 
lies at an immeasurable distance! in the far past, 
but is pirobably loss distant than that in whicdi the 
ancestors of the whales took to the sea while re- 
ducing their hind limbs. 

There can he no question about making the 
Whales (of course only the tootluid group) tlie 
primary parents of the Seals. If any comparison of 
the kind is thought of, the Eocene i^euglndoiita couhl 
alone be taken into consideration. But (iven these 
latter do not show any points of eomu^etion ; their 
skull would have to be retro-metamorpbosed to form 
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the skull of the seal, and their dentition ayouIcI have 
to he fuller ; hence the supposed points of connec- 
tion would he confined to a superficial resemblance 
in the crowns of the molars, as there was very 
probably an essential difference in the formation 
of the hind limbs. 

As wo are ahsolutedy without any clue to the 
origin of Beals, we may here mention one other 
circimistaiice which seems to speak in favour of 
the great age of this side-branch of the i^rimary 
Carnivora. What we yet know of the change of 
teeth in Seals shows that the change takes ifiace at 
an extraordinarily early stage of life.' In most 
cases the change takes place before birth ; the milk- 
teeth never come to be of any use whatever, and the 
2 )ormanont teeth are cut when the young animal is 
but a few weeks old, find while making its first 
, feeble efforts to join its parents in their repasts. 
Fig. 51 shows the teeth of a imobably still nnborn 
Greenland seal {Phocn yronlandica). The shading 
shows the limit of the gums. It will be seen 
that the milk-teeth have already vanished, all hut 

a few unimportant remains; <l have wholly 

’ J. Steenetrup, ‘ MaolkoBlaTidsaottcl hos Ecmmoanolen,’ 
Naturhisiarick Foreningens Vidensk. Mcdddescr. 1B80. 

tr 
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disappeared, the first and only permanent molar 
of the lower jaw has already cut the gum. 

Teeth of the same kind as those milk-teeth, 
which are wholly without any significance to the 
individual as functional organs, hut of the highest 
interest for the history of the group, we hoeamc 
acquainted with when discussing the Whales (p. 247). 



Pig. fil.*- PuituI TgoUv of a Gn'cniand Soal. 


The embryonal teeth of the Whalcljone. whahis— evc'ji 
though there were no Dolphins or vSperm whales — 
are an irrefutable proof that the Whahibone whale.s 
are descended from toothed animals. In tlu* saiue 
way the case before us shows, that tlus milk-icic.tli 
of Beals which have in our day become of utter 
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insignificanee to the organism, were of actual 
service to their ancestors, just as the deciduous 
teeth of most of our present mammals are of use for 
several years. None of these milk-teeth have the 
prospect of being preserved like the one remaining 
decdduouB tooth of the Marsupials (p. 94) ; accord- 
ingly the Seals of future periods will undoubtedly 
not show a trace of milk-teeth. 

The Seals belong to the physically weaker groups 
of mammals, find it is certainly most remarkable, 
and as yet not explicable, that the other mammals 
also, which have already been discussed, and are 
allied to the Seals as regards the suppression of the 
change of tooth, belong, on the whole, to the less 
favoured or less strongly developed orders. For, 
as W(j have repeatedly remarked, the main feature 
that riuiB through the whole world of mammals is 
thc! concc'iitration of strength upon a shortened 
jaw, at the cost of the disappearance of teeth. This 
is most evident in the case of true Carnivora, where, 
howcwcir, thc milk-teeth still play an important part. 

10. Tlin INHEOTIVOBA, Oil INSEGT-EATERS. — RODENTIA, 
Oil RODENTS. — OIIEIROPTERA, OR RATS. 

Of tlicHc three orders the Insect-eaters have 
already been mentioned from time to time. They 
* o 2 
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existed in very early tiinoK, and had, at tlie ])f‘f^in- 
ning of the Tertiary, already attained a stage (jf 
development ■which has been transmitted to the 
present members of the group, with lint trifling 
modifleations ; and it is probable that Ji. transi- 
tion into hoofed and earnivoroiiB animals had 
shown signs of incoming as early as tlu> so-called 
Meso?!oio period. The rpiestion as to why all th(! 
group did not join in the transformation is as 
obvious as the answer to all similar questions : that 
the special conditions of life for these iinlnials 
must have existed miinteiTiiptedly, and tliat, in 
addition, they possessed a g]*eat amount of ii.dnp- 
tability. Thus we find the order of Ins(fc.t*euierH— 
which is rGpresenhKl in Ocntral Ktirf)p{‘ only by 
the hodgeliog, inoht, and slirew, but nutro imuier- 
ously in other parts-“in many ways similarly 
adapted to the most varied conditions of exlstt^m^e 
as the Kodents. In fact, their variability, even in 
primeval times, explains tla^. fact of theii* having 
• been able to adapt tliemscdvtiH to (‘iitirely lunv 
organisations, and Huxley spcadally traces to tlaan 
the hoofed and carnivorous animals. 

The same remarks apply to tlu! Itodi-n.fx, exenpt 
that in all of the periods known to ns through 
fossils, they were fa.r more numerously represented. 
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The Eodent tyj^e is likewise found perfected at the 
beginning of the Tertiary period. It may be said 
that it was then less specialised, that most of the 
Eodents of those days were more carnivorous than 
the majority of our day, or, at least, more omni- 
vorous ; however, little is to be gained from this for 
our present enquiry. 

The dentition of the Eodents appears to Ijo 
prepared, and almost perfectly attained, Ijy the 
Marsupials ; ^ and thus in following their tracks 
we are again referred to the Jura period, and even 
further back, where the separation of an already 
developed mammalian fauna had taken place : into 
Marsupials (as the main group), Eodents, and 
Insect-eaters. 

The latter order, no doubt, gave rise to the Batn, 
which have fluttered about in their present shape 
since the Eocene j)eriod. Two of our most common 

‘ A comparison of the very different shapcB of the molars iu 
the Bodents among one another, and the approximation of many 
of the genera — not as yet decided Eodents — to th(3 lludent typo 
(for instance, the wombat, the fingered-animal, and rock (jonoy) 
renders it extremely probable that even our lU'csont Eodents aro 
not of one and the same origin. ‘ The fact remains, animals of 
different derivation have attained a similar exterior, succet'd 
extremely well in the struggle for existence, or evem better iu 
their endeavour to obtain food. Unlike as they may be, in one 
point they are incontestably alike, i.e. in the development of 
continuously growing incisors,’— Baume. 
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genera, Vcspcrtilio and lihmoloplim, were contem- 
poraries of the Palaeotlieridffi and the Cynodictis of 
South-western France. As regards then’ origin we 
can only confess our ignorance on the sul)ject, even 
though we can perfectly well imagine the transfor- 
mation of a climbing insect-eater into a flying one. 
The elongation of the fingers of the foi’e liinh, and 
the expansion of the flying membrane to the hind 
limbs, took place in those early periods from which, 
as far as our knowledge of the Mammalia is con- 
cerned, only a few dim rays of light have found 
their way to us. 

1]. THE PROHIMIA?, SEMI-APES. — HIMIAl, APES. 

THE MAN OF THE FUTUllE. 

The opinion of Eoologists of th(! Limuuiin school, 
and those Ijelonging to the first half of our century, 
that the whole class of Semi-apes were', in fact, half 
apes has generally Ijeen abandoned ; the opinion 
was based upon the occurrence of hands on the fore 
and hind limbs, upon the formation of th(! face, and 
upon the peculiar dentition, which in most cases 
shows no gaps. The more recent tluiory doc^s not i!X- 
clude the supposition that among the v(3ry difl’erctntly 
formed genera of so-called Homi-apets, one or otlua* 
species might claim a closer relationship with the 
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Apes, but neitlicr the result of any anatomical or 
palfeontologieal investigation allows us to draw 
even a plausible inference of any such probability. 

As there are only a small number of genera of 
Semi-apes, and these are confined to Madagascar 
(Africa and Southern Asia possess only a few aber- 
rant members of the group), we had to conclude 
that they are but the remnant of a group. Then 
dentition and brain point to thelnsectivora, of whose 
morphological capacities we have had such important 
instances in the course of our discourse. 

A true semi-ape— and, as regards skull and 
dentition, a lemur of our day — was discovered by 
Pilhol among the varied accumulation of mammals 
in the phosphate of Quercy, and was named Ke- 
crokmur antiquus. By its side there lived several 
species of a genus already discovered by Cuvier, the 
Adi^is, an animal whose dentition points to a re- 
lationship with the Pig-shaped tribe, but still may 
have been a creature of arboreal habits. Another 
animal has had its position assigned to it by the 
name of Cehochoirus, i.e. Hog-ape, owing to its 
very characteristic molars, the crowns of which 
show four tubercles. America has also furnished 
its contingent to this group, which combines the 
characteristics of the thick-skinned animals with 
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those of semi-aioes, a combination which has not 
shown much capacity for resistance or of adapta- 
bility to new conditions of life. 

That forms of this kind gave rise to tlio .1 pita has 
been conjectured by different palaaontolonists and 
also by Gandry. The Apes found in the Miocene 
of the Old World belong already partly to the still - 
existing group—we dare not say family— and have 
been called ‘ Anthropomorphaa ’ (man -like apes) 
owing to various peculiarities in diffcrcait genera. 
If we hold by the present arrangement of the 
order, and agree to the opinion — based upon facts 
that have never seriously Ikh-u doubted, and iiro 
founded upon substantial reasons in the history of 
the individual development as well as of anat(Jiny— 
that the apes of to-day form a kindred unity, other 
considerations will preseiit tlunnselvt's. It is true 
that lowest species of Bouth Americjin apes, the 
clawed apes, have thirty-two teeth like those of the. 
Eastern hemisphere, but the form of thescj teeth and 
the structure of the ImndH and fcjcst point to a 
decidedly close proximity with tlui lns(!ctivora. 
Further, they are allied to the Apes of tint Ninv 
World by the fact that they do not, lilo; the Apes 
of the Old World, possess two, but show three 
premolars. And all the other American apes show 
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5 cheek-teeth, not ^ Even the earliest 
(>■—<) 5 — 5 

Miocene apes of Europe and Asia show a reduction 

in the dentition, hence the American apes stand 

nearer to the primary forms. Further, the genera 

with six cheek-teeth, it seems to ns, point more 

prohahly to ancestors of the Insectivorons species 

than to the Pachyderma. It is, therefore, not 

only possihle, but has come to seem probable, that 

our present apes, in regard to their descent, have 

met from two entirely distinct origins : the American 

group from the Insectivora, theEuroiDe-Asiatic lino, 

with the Anthropomorphae, from ancestors of the 

Pachydermata species. 

This would lead up to the question as to whether 
our own ancestors belonged to the thick-skinned 
group. But the very title of our hook withholds ns 
from entering upon thi,s subject, and we u.ro all 
tlie more justified in i)08tponing any such discussion, 
as the study of anthropology can in no way ])oaHt 
of having made any definite progress during the 
last ten yearsd 

' The relation between the Anthroiiomorphoicl ApeK and Man 
has been admirably cliBcuBKed by Hartmann, ‘ Die iin'iiseh- 
iihnlichen Affeu.,’ Intmiat. wissmscliaft. JHblinthek, 00 Ud. 
Leipydg, 188JJ. Por further aceonnts of this Huhjeot we would 
refer the reader to Scliluaser and Kelor, Die orstim Mcnachen 'and 
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However, we may be permitted to cast a glance 
at the future. Our discuHsion has repeatedly 
proved that any advance in the animal groups was 
connected with a reduction of the jaw or of tht', 
limbs. It would seem that any reduction in tlu! 
fingers or toes of the human hand or foot would be 
neither desirable nor advantageous in any way; 
moreover no such loss is to be feared, although it 
may he, as Darwin says, that baldness is in prospect 
for men (jf tho English race. It is a different 
matter as regards our dentition, and we ar(? not 
so ccu'tain of its continuing in its prc'Seiit state*, 
although tho human ra<H^ would seem to have; com- 
menced with it as it is, and found it siiflieient for 
the most varied conditions of (‘xiHt(nie(;. Dut never- 
theless a f(!W gentle warnings seem to shake tlu' 
belief in this snppostid unalho'abh! stability. 

The alternative as to whetlKw Man was created 
or developed can no longer be rnis(id, now that we 
are exercising the free nstj of our reason. Man’s 
dentition has to he judged from our e.\p(‘riences 
made in tho mammalian group. T fence, first of 
all, it is a reduced dentition. Triuf, w<' do not 
know the definite stages by whic-h it was ultahu-d 

die prahiaiorischm Zeiten, AccordiiiK to ii work of Iho Hiuiif 
niiiiK) hy tho MarquiH do Nardailliic. Ktuttgiirt, IHSI, 
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in Man, any more than we do in the case of the 
Anthropomorphoids and all the other Apes of the 
Old World, hnt we shall not hesitate to maintain 
that the ancestors of Man possessed a fuller number 
of teeth, as long as deductions are justified from the 
observation of facts. Our teeth have decreased in 
number during the course of our geologico-zoolo- 
gical development ; we have lost on either side, 
above and below, two incisors, two premolars, and/ 
one molar. By this we transfer ourselves back to 
those periods from which the jaw of the Otoeyon 
has been preserved (see p. 267). Baume, our 
eminent odontologist, in a recent work which we 
have repeatedly referred to, has successfully fol- 
lowed and pointed out cases of atavism or reversion 
in the human jaw, by tracing cases of ‘ sm'plus ’ 
teeth— and certain dental formations met with in 
the jaws in a large percentage of cases — back to 
those portions of the jaw in the animal ancestors 
of Man which have disaj)iJeared in the course 
of ages. 

If, m former times, more teeth were met with in 
the group which was perfecting itself into Man, we 
must be permitted to ask — nay, we are compelled in 
a piu'ely scientific spirit to ask— whether things 
have come to a standstill in this part of our 
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organisation j or whether a further reduction is to 
he anticipated ? Man is certainly one of the so- 
called ‘ persistent species/ but he is not uncon- 
ditionally stationary. He varies as regards 
dentition. Imperfect as are our statistics on this 
point, this much is certain, that tin; cases of dis- 
appearance or loss of tecitli most frequently conc(a’n 
the so-called wisdom te(‘.tli and then the outer 
incisors. We do not of course know how often tlui 
question has aiiplied to tin.* actual and coiupkdo loss 
of the teeth, or only to bouk! interference with the 
teeth cutting the gum, o(icasione<l by a limitation 
of the ncc()Hsary space. .Tlo\V(‘V(;r, it must )u; i'(‘- 
menihercid that tins sliorteiihig of the ju.w stands in 
direct correlation with the reduction of tin; den- 
tition. A prediction of the l\Iaii of tluj .Future is 
given us liy Cop(s : the, lower race.s of men will 


retain the dentition of the pnistait day, i , 


2 3 

p 2’ 3’ while the mtellectually higher races 

will he distinguished l)y the dcaital formulas : 






T . X 12 Z 
and » m 
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We agree with this in so far that, as a rule, the 
reduction of the dentition — where the disappearance 
does not affect the whole set of teeth — can he 1)rouglit 
into connection with the idea of progress, and many 
proofs of this have been given in the course of our 
discussion. Still this higher faculty of resistance 
and of acquiring food is not necessarily accom- 
panied hy an increase in the power of the adapta- 
bility and a perfecting of the intellectual faculties. 
In the Cat we have a more powerful, and hence a 
highcjr development of the nature of the rapacious 
animal than in the Dog, with its more old-fashioned 
form of dentition. Yet who would think of placing 
Cats as intellectually higher than Dogs ? It is 
the same with the prospects of the human races. 
Modifications in the human dentition are sure to 
take place, as surely as man cannot rid himself of 
his animal ancestors, even though they may be felt 
to he inconvenient. But progress in the intellectual 
and moral domain — and here our well-founded 
idealism steps in — is not dependent upon the 
possession or the loss of our wisdom teeth. The 
correlation is not wanting, but it makes itself felt 
in an opposite direction. Tho man who is engaged 
in making inventions and in scientific pursuits, and 
is advancing and encouraging all the nobler and 
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more refined enjoyments of life, is not improving 
the instruments for the acquisition of his fond ; 
they deteriorate in his hands — a condition whicdi 
first began to make its apiiearanco with the inven- 
tion of cooking. The reduction of the liuman 
dentition — which has been of adv’antage to tli(3 
species in its struggle for (ixisteiice— lias further 
increased and changed to a kind of atavism or 
reversion, since reason, acquired with speech, has 
made- Man more and more ind(!pendent of the direct 
effects of his natural surroundingH. 

Hence it is not iiicu’csly fivim a purely xoologicial 
point of view that an inferenc(‘ is formed regarding 
the future change of the human raci‘. ]\I.(>reovur, 
we cherish, the hope- wlmdi is justified bystdentific 
experiences— and the belief, wliich rtists upon the 
same foundation, and ihtssc! convimu! us of tia* 
sure advance of humanity, and of the gradual aud 
general diffusion of inoniHiy, (uiltur(!, and wth- 
being among the various rac(!H of Man. 
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